PROCEEDINGS 



OF THE 



CALIFORNIA ACADEMY OF SCIENCES 



FOURTH SERIES 



Vol. XXXVI, No. 9, pp. 231-277; 83 figs.; 7 tables. November 14, 1968 



SILICOFLAGELLATES FROM THE 
CRETACEOUS, EOCENE, AND MIOCENE 
OF CALIFORNIA, U S A. 



By 



York T. Mandra 

Sati Francisco State College, San Francisco, California 94132 
Research Associate, California Academy of Sciences 



Introduction 



This is a report of a stratigraphic analysis and a systematic catalogue of fossil 
silicoflagellates from nine localities in California. A detailed description of the 
stratigraphy of these localities has been reported earlier (Mandra, 1960). The 
fossil assemblages are Maastrichtian (Upper Cretaceous); Narizian (Upper 
Eocene); Relizian (Lower Miocene); Mohnian (Upper Miocene); and Del- 
montian (^T"pper-most” IMiocene or ]\Iio-pliocene). 

The species are illustrated by 83 figures, a Literature Cited section is in- 
cluded, a Gazetteer of world-wide silicoflagellate localities cited in this paper and 
a Register of Localities is presented. 

Type material is deposited in the Stanford University Paleontological Type 
Collection. 

It is a pleasure to acknowledge the help that Dr. G D. Hanna of the Cali- 
fornia Academy of Sciences has given me for many years. The Standard Oil 
Company of California and the California Academy of Sciences have contributed 
the complete publication costs of this paper. 



The stratigraphic investigation is sequential in nature. First it demonstrates, 
in the Slide Uniformity discussion, that mounted specimens on slides are random 
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Figure 1. Map of California showing location, age and stratigraphic relationship of 
samples. 
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and representative. Then the Statistical Method is presented so that it can be 
used to demonstrate Horizon Uniformity and to analyze faunules from the dif- 
ferent stages and series. Finally, tentative stratigraphic conclusions are reported. 

Slide Uniformity 

Slide uniformity is defined here as statistical similarity of faunules, mounted 
on slides, from one horizon. Data in this section consist of detailed tabular evi- 
dence, which is interpreted and summarized as follows: there is no statistical 
difference between the faunules on slides from one horizon. Thus, the faunule 
on Sharktooth Hill Horizon A slide 1 is statistically the same as the faunules 
on slides 2, 3, and 4 of the same horizon. It is essential to demonstrate statistical 
uniformity of slides in order that mounted horizon assemblages can be considered 
random and representative. Without these two qualities all later statistical work 
in this report would be invalid. 

Table 1 shows, in terms of relative abundance at each horizon, the occurrences 
of 34 species and varieties from the nine localities studied. The statistics for a 
horizon were obtained by random counts of 200 specimens (N = 200) from a 
sample representing one horizon. Relative abundance of a species was determined 
on the basis of the number of times a species appeared in the random counts of 
200 specimens. Xo more than 50 specimens were counted per slide; therefore, 
each horizon has a minimum of four slides. If, as is the case for Monterey Hori- 
zon B and Sharktooth Hill Horizon B, a slide does not contain 50 specimens, 
then the count is continued on a second slide. In the two horizons just mentioned, 
five slides were needed to complete the count of 200. 

The recorded data of the Kellogg and “Sidney Flat” shales are exceptions 
to the procedure just described. Modifications were required because data from 
the two shales are not comparable to data from other localities; there are not 
enough silicoflagellates in the samples from the two Eocene shales. Therefore 
in order to make the data comparable, and useful, the following steps were taken: 

1. Counts of Eocene slides were combined. For example, Kellogg shale slide 
21 as reported in table 2 is, in reality, the summary of counts for slides 21, 21 A, 
and 2 1C. The use of such combinations is a convenience by w^hich data can be 
presented in nine (instead of 22) columns. The grouping of slides does not in- 
validate or weaken the statistics. 

2. “Sidney Flat” shale counts are doubled in order for X^ to equal 200. For 
example, table 2 shows a count of eight for Corbisewa triacantha on slide 5 of 
the “Sidney Flat” shale. In the Observed Frequencies Chart the count for the 
same species in the same shale is doubled and recorded as 16 for Corbisema 
triacantha. The doubling of counts weakens the “Sidney Flat” shale data in the 
sense that observed frequencies will not reveal their full potential. Thus, the 
faunule of sample X differs from the faunule of the “Sidney Flat” shale in that 
the “Sidney Flat” does not have species A and B, and sample X does. In this 
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Table 1. Table of observed frequencies of California silico flagellate species. 
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Table 2. Slide and horizon counts 



Monterey formation (type area) 
Slide number 


1 


Horizon A 
2 3 


4 


9 


10 


Horizon B 
11 12 


13 


Cannopilus binoctdns 


0 


0 


1 


0 


0 


2 


0 


0 


0 


Distephanus ornamentiis 


42 


46 


46 


42 


22 


39 


24 


42 


37 


Distephaniis speculum 


S 


4 


3 


7 


5 


9 


7 


8 


3 


D. speculum brevispinus 


0 


0 


0 


1 


0 


0 


0 


0 


1 


Mosocena crenidata elli plica 


0 


0 


0 


0 


0 


0 


1 


0 


0 


Buttle diatomite 


Slide number 


1 


2 


3 


4 


9 


10 


11 


12 




Cannopilus binocidus 


0 


1 


0 


0 


0 


1 


0 


0 




Cannopilus calyptra 


1 


1 


1 


1 


1 


0 


0 


0 




Corbisema species 


0 


0 


1 


0 


0 


0 


0 


0 




Dictyocha fibula 


0 


1 


0 


0 


0 


0 


0 


0 




Distephajitis crux 


0 


1 


1 


0 


0 


1 


0 


3 




Distephanus ornamentiis 


3 


0 


0 


0 


0 


0 


0 


0 




Distephanus speculum 


39 


41 


41 


41 


37 


39 


39 


34 




D. speculum brevispinus 


6 


4 


4 


6 


11 


8 


10 


11 




D. speculum pentagonus 


0 


1 


1 


1 


1 


0 


1 


1 




Mesocena crenidata diodon 


0 


0 


0 


1 


0 


0 


0 


0 




Mesocena hexagona 


0 


0 


0 


0 


0 


1 


0 


0 




Paradictyocha polyactis 


1 


0 


1 


0 


0 


0 


0 


1 




Sisquoc formation (Purisima Hills) 


Slide number 


1 


2 


3 


4 


5 


6 


7 


8 




Cannopilus binocidus 


0 


0 


0 


1 


0 


0 


0 


0 




Dictyocha fibula 


1 


0 


0 


0 


3 


1 


0 


0 




Distephanus crux 


1 


0 


0 


1 


1 


0 


2 


6 




Distephanus speciduin 


46 


50 


48 


46 


46 


47 


46 


44 




D, speculum brevispinus 


2 


0 


1 


1 


0 


2 


1 


0 




Paradictyocha polyactis 


0 


0 


1 


1 


0 


0 


1 


0 




Sisquoc formation (Lompoc) 


Slide number 


6 


7 


8 


9 


1 


2 


3 


4 




Cannopilus binocidus 


0 


1 


0 


0 


0 


2 


1 


0 




Dictyocha fibula 


14 


IS 


12 


13 


15 


12 


10 


16 




Dictyocha fibula rhombica 


1 


1 


1 


0 


1 


1 


1 


0 




Dictyocha staiirodon 


1 


0 


0 


0 


1 


0 


0 


1 




Distephanus crux 


0 


0 


1 


0 


1 


1 


1 


1 




Distephanus speculum 


32 


29 


36 


34 


26 


29 


34 


29 




D. specidiim brevispinus 


1 


0 


0 


3 


3 


3 


3 


2 




Paradictyocha polyactis 


1 


1 


0 


0 


3 


2 


0 


1 




Valmonte diatomite 


Slide number 


1 


2 


3 


4 


9 


10 


11 


12 




Cannopilus binocidus 


0 


0 


1 


0 


1 


0 


0 


0 




Cannopilus cyrtoides 


0 


0 


1 


0 


0 


0 


0 


0 




Cannopilus hemlsphericus 


0 


1 


0 


0 


1 


0 


0 


0 




Cannopilus sphericus 


5 


3 


3 


7 


0 


3 


5 


3 




Dictyocha fibula 


0 


0 


1 


0 


0 


0 


1 


0 




Dictyocha fibula stapedia 


1 


0 


0 


0 


0 


0 


0 


0 




Distephanus crux 


3 


2 


2 


0 


2 


0 


2 


0 




Distephanus speculum 


1 


1 


1 


1 


. 2 


1 


3 


0 
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Table 2. (Continued) 



Valmonte diatomite (continued) 
Slide number 


1 


Horizon A 
2 3 


4 


9 


Horizon B 
10 11 12 




D. speculum brevispinus 


1 


0 


1 


0 


0 


0 


0 


0 




Mesocena creniilata 


3 


3 


0 


0 


0 


0 


0 


0 




Mesocena crcmdata diodon 


32 


35 


38 


39 


37 


40 


36 


44 




Mesocena crenulata elU plica 


0 


0 


0 


0 


0 


1 


0 


1 




Mesocena polymorpha 


0 


2 


0 


1 


0 


0 


0 


0 




Mesocena polymohpha triangida 


3 


2 


2 


1 


5 


3 


0 


1 




Paradiciyocha poly act us 


1 


1 


0 


1 


2 


2 


3 


1 




Diatomite at Sharktooth Hill 




















Slide number 


1 


2 


3 


4 


9 


10 


11 


12 


13 


Cannopilus binocidus 


0 


1 


0 


0 


0 


0 


0 


0 


0 


Cannopilus calyptra 


5 


5 


6 


6 


0 


6 


8 


4 


0 


Cannopilus cyrioidcs 


0 


0 


0 


0 


0 


1 


1 


2 


0 


Cannopilus hemisphericus 


5 


1 


1 


1 


4 


4 


2 


2 


0 


Cannopilus sphericus 


2 


0 


0 


0 


0 


0 


0 


0 


0 


Dictyocha ausonia 


0 


0 


0 


1 


0 


0 


0 


0 


0 


Dictyocha fibula 


30 


33 


35 


39 


18 


32 


33 


36 


20 


Distephanus crux 


5 


1 


5 


1 


1 


5 


3 


3 


0 


Distephanus speculum 


3 


7 


3 


2 


3 


1 


3 


3 


3 


D. specidum brevispinus 


0 


0 


0 


0 


0 


1 


0 


0 


0 


Mesocena polymorpha triangida 


0 


2 


0 


0 


1 


0 


0 


0 


0 


Eocene samples 


Kellog shale 




“Sidney Flat 


shale 


Slide number 


17 


19 


21 


22 


5 


7 


11 


12 


14 


Corbisema apicidata 


13 


23 


21 


11 


2 


7 


1 


3 


2 


Corbisema triacantha 


1 


1 


3 


8 


8 


0 


0 


0 


0 


Dictyocha fibula 


8 


7 


7 


10 


3 


6 


10 


11 


3 


Distephanus speculum 


0 


6 


4 


2 


0 


0 


0 


0 


0 


Distephanus variabilis 


1 


0 


9 


4 


4 


5 


3 


0 


0 


Mesocena oamaruensis 


0 


0 


10 


0 


0 


0 


0 


0 


0 


Mesocena occidcntalis 


0 


0 


1 


2 


2 


6 


6 


2 


1 


M . polymorpha biseptenaria 


0 


0 


6 


0 


0 


0 


0 


0 


0 


M. polymorpha quadrangula 


0 


0 


0 


3 


0 


1 


0 


1 


0 


Naviculopsis biapiculata 


11 


10 


12 


6 


0 


7 


1 


2 


4 


Cretaceous samples 


Marca 


shale 












Slide number 


1 


2 


3 


4 












Corbisema geometrica 


10 


9 


4 


2 












Lyraniula furcula 


36 


35 


42 


45 












Lyramula simplex 


0 


2 


0 


2 












Vallacerta hortoni 


4 


4 


4 


1 













case it is possible, mathematically, to assume that if the “Sidney Flat’^ shale 
contained 200 specimens (instead of 100) then species A and B might have been 
present. 

Recorded counts of table 2 are uniform in the sense that all slides from one 
horizon have the same species as the most abundant species. Hence the distribu- 
tion of species on slides is random and representative. Distephamis ornamentus, 
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being the most abundant species on each of the nine slides from the Monterey 
formation (type area) Horizon A and Horizon B, occupies rank-order position 
no. 1, The following species, each in its own area, likewise occupy rank-order 
position no. 1 : Distcphanus speculum on all 16 slides of Sisquoc formation and all 
eight slides of the Buttle diatomite; Mesocc?ia crcuulata diodon on all eight slides 
of Valmonte diatomite: Dktyocha jihula on all nine slides of diatomite at Shark- 
tooth Hill; Corbisema apkulata on all four slides of Kellogg shale; Lyramula 
jurcida on all four slides of Alarca shale. 

The conclusion, based on the above data, that all slides from one horizon are 
uniform, random, and representative is supported by additional evidence. In two- 
thirds of the horizons studied the second most abundant species, on each slide, is 
the same species for all slides from one horizon. Thus, Distephauus speculum 
occupies rank-order position no. 2 on each of the nine slides from Monterey 
formation (type area) Horizon A and Horizon B. The following species, again 
each in its own area, have the same rank-order position (no. 2): Distephauus 
speculum brevispinus on all eight slides of Buttle diatomite; Distcphanus specu- 
lum brevis piiius on all four slides of Sisquoc (Purisima) Horizon A; Dktyocha 
jibula on all eight slides of Sisquoc (Lompoc) ; Cannopilus spherkus on all four 
slides of Valmonte diatomite Horizon A; Navkulopsis biapiculata on all four 
slides of Kellogg shale; Corbisema geomctrica on all four slides of Marca shade. 

In the remaining one-third of the horizons the number of specimens is so 
small as to have only limited statistical value. Nevertheless in the total random 
count of 400 specimens from the Sisquoc formation (Purisima) Horizon B and 
V^almonte diatomite Horizon B, the rank-order for slides from one horizon is so 
close that a change in count of only nine specimens would result in agreement of 
abundance (rank-order positions 1 and 2) in each of the two horizons. Similar 
agreement could be obtained by a change in count of only six specimens in the 
Sharktooth Hill horizons. From these data the conclusion is drawn that the 
mounted specimens are mathematically not biased, and therefore can be used in 
a statistical analysis. 



Statistical Method 

A brief explanation of the statistical methodology used is presented here. It 
is a consequence of the theory of probability (Binomial Distribution) that if a 
population has a specified proportion of members with a given attribute, then 
samples drawn at random from the population will contain members with this 
attribute in approximately the same proportion. 

Example A. If a box contains 100,000,000 marbles (thoroughly mixed), 
10,000,000 of which are black, then random large samples drawn from this box 
will, in general, contain about /io black marbles. 

Furthermore, probability statements concerning the number of objects with 
the required attributes in a sample of known size can be made. 
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Table 3. 

LIMITS OF EXPECTATION CORRESPONDING TO 
OBSERVED FREQUENCY 



N = 200 




P^XAMPLE B. In a series of independent random samples, each of size 200 
and a population of marbles of whose members are black, one would expect 
that 95 percent of the time the number of black marbles would lie between 16.5 
and 31. The lower limit of the e.xpected frequency is 16.5, and the upper limit 
is 36. The coefficient of confidence is 95 percent. 

The graph (table 3) was drafted by Taro Kanaya (1957, p. 61) from table 
Vllli of Fisher and Yates (1949, p. 48). It is used in the following manner: 
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1. If a sample of N = 200 (X — 200 is used throughout this report) has an 
observed frequency of 25 (=X 2 ) then the population proportion is estimated 
to be -'%oo or Vs and the upper limits of expected frequency is computed to be 
36. On table 3 see dashed line striking intersection of 25 ordinate and lower 
curved line. The lower limit is 16.5. 

2. Similarly, if the observed frequency is 15 (=Xi), then the upper and 
lower limits are 24.2 and 8.5 respectively. 

3. Since in Examples 1 and 2 the lower and upper limits of Xi and X 2 over- 
lap in the area 16.5 to 24,2, it is concluded here that at the 95 percent confidence 
coefficient level the frequency is the same. All data in this report are computed 
at the 95 percent confidence coefficient level. On the basis of statistics, therefore, 
the predictions made here are expected to be correct 95 percent of the time. 

4. If the lower and upper limits do not overlap, as in the case for 10 (with 
lower limit of 5 and upper limit of 18) and 50 (lower limit 40, upper limit 63), 
then it is concluded that at the 95 percent confidence coefficent level the fre- 
quencies are different and that the difference is real and has significance. 

5. The data on table 3 also show that if a particular species does not occur 
(X = 0), then its lower limit is zero and its upper limit 4 (3.69 rounded off to 
the nearest whole number). It also shows that the lower limits of a species with a 
frequency of nine is 4 and its upper limit is 17. These two ranges overlap at 4. 
Therefore they are not statistically different. From this statistical relationship 
it follows that the absence of a species has no significance unless it is compared 
to a frequency greater than nine. 

For example the absence of Cannopilus cyrtoides in Sharktooth Hill A and 
its presence in Horizon B with a frequency of four has no significance. The limits 
of zero are 4 for the upper limit and zero for the lower limit; the limits of four 
are 10 for the upper limit and 1 for the lower limit. The two intervals overlap 
in the range 1-4. To have significance Horizon B should have Cafuiopilus 
cyrtoides wth an observed frequency of 10. Then the limits (0-4 and 5 18) 
would not have overlapped. 



Horizon Uniformity 

Horizon uniformity is defined here as the statistical similarity of faunules 
from different horizons of one locality. In other words, 95 percent of the time 
the predetermined limits of variation in the faunule of one horizon will not be 
exceeded by the limits of variations in the faunules from other horizons of the 
same locality. 

Data in this section consists of statistical inferences based upon facts ob- 
tained from the table on upper and lower limits. The conclusion is summarized 
as follows: There is no statistical difference, at the 95 percent confidence co- 
efficient, between horizons at each locality. Thus, the faunule of the Monterey 
formation (type area) Horizon A is statistically the same as the faunule of 
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Table 4. Limits of expectation corresponding to observed frequency used in this Report} 
{Confidence coefficient 95 percent and N — 200) 



Observed 

jrequeney 


Upper limit 


Lower limit 


Observed 

jrequeney 


Upper limit 


Loivcr limit 


Observed 

jrequeney 


Upper limit 


Lower limit 


Observed 

jrequeney 


Upper limit 


Lower limit 


0 


4 


0 


18 


28 


11 


39 


52 


29 


118 


130 


105 


1 


6 


0 


19 


29 


12 


40 


54 


30 


130 


143 


115 


2 


7 


0 


20 


30 


12 


42 


54 


31 


131 


145 


115 


3 


9 


1 


21 


31 


13 


47 


59 


36 


137 


150 


120 


4 


10 


1 


22 


32 


14 


50 


63 


38 


139 


155 


125 


5 


12 


2 


23 


33 


15 


52 


64 


40 


144 


155 


130 


6 


13 


2 


24 


35 


16 


53 


65 


40 


145 


157 


130 


7 


14 


3 


25 


36 


16 


56 


68 


43 


149 


160 


135 


8 


16 


3 


26 


37 


17 


57 


70 


45 


157 


165 


140 


9 


17 


4 


27 


38 


18 


58 


70 


46 


158 


166 


142 


10 


18 


5 


28 


39 


19 


66 


77 


53 


162 


170 


150 


11 


20 


6 


29 


41 


20 


68 


79 


55 


164 


170 


150 


12 


22 


6 


30 


42 


21 


74 


86 


60 


176 


185 


165 


13 


23 


7 


31 


43 


22 


75 


88 


61 


183 


190 


173 


14 


23 


8 


32 


44 


23 


77 


90 


64 


190 


195 


180 


15 


24 


9 


33 


45 


24 


95 


108 


81 








16 


25 


9 


34 


46 


24 


102 


113 


87 








17 


26 


10 


37 


49 


27 


117 


130 


103 








1 Data interpolated 


from table 


Villi of 


Fisher and 


Yates 


(1949, 


P. 48), 


and from 


table 3 


of this 


report, and rounded off to the nearest whole 


number. 















Horizon B. Similar relationships exist for horizons at Buttle Canyon, both of 
the Sisquoc formation localities, Peck Park, and Sharktooth Hill. Hence the two 
horizons from each locality are treated as one horizon. 

Upper and lower limits at the 95 percent confidence level are plotted on 
table 5; therefore in order to compare two horizons, one has to compare the 
same species in both horizons. If their intervals (upper and lower limits) are 
mutually exclusive, then one concludes that there exists a valid statistical differ- 
ence between species A population of one horizon and species A population of the 
other horizon. If the intervals of species A overlap, then one may draw the 
warranted conclusion that the populations of that species are not different. Fur- 
thermore if the intervals of all species tested overlap, then the horizons would 
be considered the same. 

Example 1. The faunules of Horizons A and B of Monterey formation (type 
area) are the same. CannopUus binoculus intervals are 0-7 and 0-6 (table 5). 
They overlap in the 0-6 range; hence they are considered to be the same at the 
95 percent confidence coefficient level. Similarly: Distephamis ornamentus^ 150- 
170 and 165-185, overlap in the range 165-170; Distephamis speculum, 23-45 
and 14-32, overlap in the range 23-32; Distephamis speculum var. brevispiniis, 
0-6 and 0-6, overlap in the 0-6; Mesocena creniilata var. diodon, 0-6 and 0-4, 
overlap in the range 0-4. 
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Table 5. Upper and lower limits of observed frequencies? 




2 The following corrections should be made for table 5: Mesocena crenulata var. diadoti should be recorded as 
^ in the Buttle diatomite. Horizon A; and N aviculopsis biapindata should be recorded as ^2 m Kellogg 
shale (not as ^). 
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Example 2. The fauiuiles of the “Sidney Flat’’ shale and Kellogg shale are 
not the same. Corblscnia apiculata intervals are 21-42 and 55-79 (table 5). 
These intervals do not overlap. Hence they are considered to be different at the 
95 percent confidence coefficient level. Similarly: Dictyocha jlbiila, intervals 
53-77 and 23-44, do not overlap; Distcphanus speculum^ intervals 0-4 and 6-22, 
do not overlap; Mcsoceua oamaniensiSy intervals 0-4 and 5-18, do not overlap. 
The remaining species, common to both shales, have overlapping intervals. On 
this evidence the “Sidney Flat” shale faiinule is considered to be different from 
the faumile of the Kellogg shale. 

With reference to Example 2, two items should be pointed out: 

1. The Kellogg shale and “Sidney Flat” shale are not horizons of one forma- 
tion (as the Buttle diatomite Horizon A and Horizon B). They are two litho- 
logic units from two localities. 

2. The doubling of counts described earlier influences the “Sidney Flat” 
data. Since the “Sidney Flat” shale had an original count of 100 (instead of 200) 
it is possible to assume that in a N = 200 sample more Distcphanus speculum, 
Corbisema apiculata, and Mcsoceua oamarucnsis would have been present. If 
the “Sidney Flat” had one more Mcsoceua oauiarueusis, 13 more Corbisma apicu- 
lata, and one more Distcphanus speculum, then these species populations would 
be considered similar in both shales (instead of different). However the fre- 
quencies of the remaining species, Dictyocha fibula, Mcsoceua oamarucnsis, and 
Xaviculopsis biapiculata constitute strong evidence which indicates that the two 
faunules differ. The evidence of the latter three species is not weakened by the 
faunal incompleteness of the “Sidney Flat” shale. The ‘‘Sidney Flat” shale has 
more specimens of these three species than the Kellogg. Hence their intervals 
do not overlap, and if more specimens are assumed for the “Sidney Flat” shale, 
existing differences between the two faunules cannot disappear. 

Stratigraphic Conclusions 

A detailed discussion of the stratigraphic aspects of these localities at the 
stage level is in a prior work (^landra, 1960). Here, only the conclusions are 
presented. 

Conclusions 2 to 7 have reference to Teilzones and Teilchrons of California 
species and genera, not biozones. 

1. Silicoflagellates at the generic and specific level have value as another 
correlation tool. 

2. Two statistically valid genera {Vallaccrta and Lyramula) , and three 
species (Corbisema gcometrica, Lyramula furcula, and Vallaccrta hortoui) seem 
to be restricted to the Upper Cretaceous. 

3. One statistically valid genus, (Naviciilopsis) , and five species in other 
genera (Corbisema apiculata, Corbisema triacautha, Distcphanus variabilis, 
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Figure 2. Nomenclature of the silicoflagellate skeleton. (After Tynan and Deflandre.) 



Mesocena oamaniensis, and Mesocena occidentalis) appear to be Upper Eocene 
markers. 

4. Six statistically valid species (Cannopilus calyptra, Cannopilus hemi- 
sphericus, Cannopilus sphericuSy Distephanus crux, Distephanus speculum var. 
brevispinitSy Mesocena crenulata var. diodon) appear to be confined to two or 
more California Miocene Stages. 

5. The joint occurrences of Mesocena crenulata var. diodon and Cannopilus 
sphericus indicate Alohnian Age. 

6. Distephanus ornamentus is restricted to the Delmontian Stage. 

7. Hanna (1931, pp. 198-201) and this study confirm the presence of 
Mesocena in Eocene strata. Hence the restriction of Mesocena to the Miocene 
as reported by Tynan ( 1957, pp. 133, 134) must be modified. 

SYSTEMATIC CATALOGUE 

The synonymy is arranged alphabetically by genera and species. 

Quotation marks around a geographic name indicate that the fossil locality 
has not been accurately reported by prior workers. 

Age designations in this section are those of Zanon (1934). They are used 
with a general rather than a precise connotation. The following areas either 
are not dated by Zanon or are dated more accurately by the authors cited: 
Barbados, island north of South America, late Eocene-older Oligocene (Kanaya, 
1957); Karand, Hungary, late Tertiary (Gemeinhardt, 1931); Monterey forma- 
tion in California, United States, Aliocene (Kleinpell, 1937); Aloreno formation 
in California, United States, Upper Cretaceous (Hanna, 1928); Oamaru, New 
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Zealand, late Eocene (Kanaya, 1957); “Senonien cle la craie de Prusse,” 
Germany, Upper Cretaceous (Deflandre, 1950), 

Abundance is recorded under Occurrences in Samples Studied in the following 
manner; Diatomite at Sharktooth Hill (1 percent). The number in parentheses 
indicates that in the area studied, the species constitutes approximately 1 percent 
of the silicoflagellate faunule found in the diatomite. 

Phylum PROTOZOA 
Class Mastigophora 
Order Silicoflagellata Borgert, 1891 
Family Dictyochidae Lemmermann, 1901 
[nom. correct. Deflandre, 1950, p. 47 (pro family Dictyochaceae Lemmermann, 
1901, p. 255)] 



Genus Cannopilus Haeckel 

Cannopilus Haeckel, 1887, p. 1567. Type species (by subsequent designation, Frenguelli, 
1940, p. 69): Cannopilus hemispherkus ( Ehrenberg) = Z);c^yoc/za hemispherkiis Ehren- 
BERG, 1844. 

Range of genus in California to date: Miocene. 

World-wide range of genus: IMiocene-Recent, 

Distribution of genus: Cosmopolitan. 

Cannopilus binoculiis (Ehrenberg). 

(Figures 68, 73, 77, 82.) 

Dictyocha binoculus Ehrenberg, 1844, p. 79. Ehrenberg, 1854, pi. 19, fig. 42. 

Cannopilus binoculus (Ehrenberg). Lemmermann, 1901, p. 266, pi, 11, fig. 22. Schulz, 
1928, pp. 264-265, figs. 60a, 60b, 60c. Gemeinhardt, 1930, p. 73, fig. 61. Zanon, 1934, 
p. 35, figs. 49-52. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeleton consists of a six-sided basal ring, with six 
radial spines; six internal bars rising from basal ring support two apical windows. 
Dimensions. With spines: maximum, 60 /i; average, 48 /x. Spines, 5-10 /x. 
Stratigraphic record. Lower Neogene (IMoron, Spain): middle Neogene 
(Marzullo, Italy; “Santa Monica,’^ United States; Szakal, Hungary): upper 
Miocene (Catanzaro and Gabbro, Italy); upper Neogene (Aegina, island near 
Greece; Mondaino, Italy). 

Occurrences in samples studied. Diatomite at Sharktooth Hill (less than 
1 percent), Valmonte diatomite (less than 1 percent). Buttle diatomite (less 
than 1 percent), lower part of Sisquoc formation of Lompoc area (1 percent), 
lower part of Sisquoc formation of Purisima Hills (less than 1 percent), Monterey 
formation at type area (less than 1 percent). 

Cannopilus calyptra Haeckel. 

(Figure 80.) 

Cannopilus calyptra Haeckel, 1887, p. 1568. Lemmermann, 1901, p. 267. Shulz, 1928, 
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p. 266, figs. 62a, 62b, 62c, 62d, 62e. Gemeinhardt, 1930, p. 75, fig, 62. Zanon, 1934, 
p. 36, fig. 54. 

Type locality. Greece and Sicily are cited in original publication. 
Diagnostic features. Skeleton consisting of a six-sided basal ring, with six 
radial spines; four to seven irregular apical windows supported by six or seven 
unequal internal bars. 

Dimensions. With spines: maximum, 40 /x; average, 35 / jl . Spines, 3-8 /x. 
Stratigraphic record. Middle Miocene (Montaiate and Pesaro, Italy): 
middle Neogene (“Monterey,’’ “Redondo,” and “Santa ]\Ionica,” United States; 
Nyermegy, Hungary). 

Occurrences in samples studied. Diatomite at Sharktooth Hill (10 per- 
cent), Buttle diatomite (1 percent). 

Cannopilus cyrtoides Haeckel. 

(Figures 58, 75.) 

Cannopilus cyrtoides Haeckel, 1887, p. 1569, pi. 114, figs. 11, 12. Lemafermann, 1901, 
p. 268. Schulz, 1928, pp. 268-269, figs. 65a, 65b, 65c, 65d, 65e. Gemeinhardt, 1930, 
p. 77, fig. 64. Zanon, 1934, p. 36. 

Type locality. “Pacific.” 

Diagnostic features. Skeleton consisting of a basal septagonal or octagonal 
ring with seven to eight radiating spines, two of which usually are longer than the 
others; three to ten apical windows supported by seven or eight unequal internal 
bars. 

Dimensions. With spines: maximum, 40 /x; average, 32 /x. Spines, 3-5 /x. 
Stratigraphic record. Middle Neogene (“Redondo” and “Santa Monica,” 
United States; Szt. Peter, Hungary): undifferentiated Tertiary (Serralunga di 
Crea, Italy). 

Occurrences in Samples studied. \"almonte diatomite (less than 1 per- 
cent), diatomite at Sharktooth Hill (1 percent). 

Cannopilus heniisphericiis (Ehrenberg). 

(Figures 60, 63, 66, 71.) 

Dictyocha heinisphericus Ehrenberg, 1844, p. 266. 

Cannopilus heinisphericus (Ehrenberg). Haeckel, 1887, p. 1569. Lejmmeraiann, 1901, 
p. 268, pi. 11, fig. 21. Leaimermann, 1903, p. 32, fig. 107. Schulz, 1928, p. 268, figs. 64a, 
64b. Gejmeinhardt, 1930, p. 76, fig. 63. 

Type locality. “North Atlantic” and Bermuda are cited in original pub- 
lication. 

Diagnostic features. Skeleton is nearly hemispherical, with six centripetal 
teeth. 

Dimensions. With spines: maximum 50 /x; average, 40 fx . Spines, 3-8 fx . 
Stratigraphic record. Middle Neogene (Bremia, Nagy Kurtos, and Szt. 
Peter, Hungary). 

Occurrences in samples studied. Diatomite at Sharktooth Hill (5 per- 
cent), Valmonte diatomite (less than 1 percent). 
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(J;iiiii<>|)iliis sphci i( IIS Ciemc inhardi. 

(Fimiru 70.) 

C(i)niof>ibts sf)hrrinis (Ikm i.jniiakdt, 19.^, p. 105, pi. 10, -1. r’in;N(ii'i.i.u, l‘J-10, pp. <IH 51, 

fi^s. 5a, 5 1 1 , Sc, 6c. 

LOCALITY. Koiaiul (Hungary). 

Diagnostic i<’katuki:s. Skeleton eonsislin^ of a “sphere’’ ineshvvoik of 
windows; frecjiiently, about tliree-(|iiarters of a sphere. 

Dimlnsions. With spines: ma.ximum 25 //.; average, 20 ft.. Spines, A 5 /o 

h'i(;uio; Corbisv.imi ^rowrlrini Hanna, Syiilypr no. 505^1 (CAS), IM)olo^ra()li hy 
C; I), llann:i, M<Mi'no shale, h'resno ('ounty, ('a)hmnia. hate ('’reLiceons. (’iiliforni.i Aendetny 
ol Sciences loc.'ilily 1144. Ma.ximum flimensior), 0.0H6 nmi, 

h’j(;uj<r, 4. ('(nhisnna f^rowrtvirn fl.'inna, Synlype no. 5055 (Calif. A(ad. S(i.). I’holo- 
^rapli hy C I), Hanna. Moreno shale, loesno (j)iinty, (California, faile ( ’relaee<)ns. (';ili 
fornia Academy of Sciences locality 1144. Maximum dimension, 0.076 nmi. 

I^'kiukk 5. Corhisrwd ^vonirlriin Hanna. Marca sh.ale, h'resno ('onnty, (\alifornia. Late 
('retaceoijs. Maxiimnn dimension, 0.080 »nm, 

l‘'i(;ni<K 6, Dictyocha jihula var, slaprdid (Haeckel). Valmonte diatomite, L<»s Angeles 
('(unity, (California. Mohnian, late Miocene. Maximum dimension, 0.050 mm. 

I‘’k;uhk 7. Lyrumulii jurcula Hanna. Marca sh.ale, Fia-stio ('onniy, (':diforni.a. Late 

Cretaceous. Maximum dimension, 0.(J90 mm. 

I‘'i(jui<r 8. Lyramula jurcula Hann.a, Marca shale, h’resno ('oiinly, Calitornia. Late 

("retaceous. Maximum dimension, 0.096 mm, 

FH;ei(K 9, Lyramula shuplex Hanna. Marca shale, l*’resno ('ounly, ('.alifornia. Late 

('relaceous. Maximum dimension, 0.085 mm, 

Ki(;ukk 10, Lynuuula snuplex Hanna. Holotype no. 5056 (CAS), Pholomaph hy (i H 
Hanna, Moreno shale, Fresno (County, (’alifornia. Late ('reta( (•<)us. ('.aliforni.i Academy of 
Sciences locality 1144, Maximum dimension, 0.09.t mm. 

h'j(;uiu: II. Vallacrrta Iwrfoni Hanna, Marca shale, l'’resuo County, (’alifornia. Late 

(Cretaceous, Maximum dimension, 0.065 mm, 

h'KiUHi: 12. Vallarrrla hnrloni Hanna, Marca shale, k'resno (Counly, ('alifoniia. Late 

(CCretaceous. Maximum dimension, 0.070 mm. 

Fi(;ukk 15, Lyramula jurcula Hanna. Marca shale, h’resno ('ounty, (’alifornia. Late 

(CCretaceous, Maximum dimension, 0.059 mm. 

FicukL 14. DictyiU'ha jihula kChiamher);. Drawn hy Tokimi 'I’siijita, Oamura Gay, Japan, 

Approximate maximum dimension, 0.060 mm, 

Fk;uki: 15. Diclyimha jihula kChrenher)^. Atypical form collected after “recLtide” in 

Oamura Gay, japan. Note change in shafie in hasal rinjj; (G. r,), loss of two radial spines 
(K. sp.) and loss of some supporting spines (S. sp.). Drawn hy 4'okimi 'I'sujita. Apju'oxi- 
mate maximum dimen.sion, 0,065 mm, 

Fk;ukk 16. Dictyocha jihula IChrenher)^. Atypical form collected after “red-tide” in 

Oamura Gay, japan. Drawn hy Tokimi 'I’sujita, Aiiproximale maximum dimension, 0,065 mm, 
Ficuuk 17. Dictyocha jihula IshrenherK. Sisr|uoc formation (Lompoc area), Santa 

Garhara (County, ('alifornia. Delmonlian, late Miocene. Maximum dimen.sion, 0.060 mm, 
FuaiUK 18. Dictyocha jihula kChrenheri^. Diatomite at Sharktooth Hill, Kern ('ounty, 
(California, Kelizian, middle Miocene, Maximum dimen.sion, 0.085 mni, 

h'icuKK 19. Vallacrrta hortoui Hanna. Marca shale, h'resno (County, California, Late 
Cretaceous. Maximum dimension, 0,069 mm. 
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Stratigraphic record. Middle Neogene (Nagy Kiirtos and Szt. Peter, 
Hungary); upper Neogene (Sendai, Japan); younger Tertiary (Karand, 
Hungary). 

Occurrences in samples studied. Diatomite at Sharktooth Hill (less than 
1 percent), Valinonte diatomite (7 percent). 

Genus Corbisema Hanna 

Corbisema Hanna, 1928, p. 261. Type species (by original designation): Corbisema geometrica 
Hanna, 1928. 

Range of genus in California to date: Upper Cretaceous-Eocene. 

World-wide range of genus: Cretaceous-Miocene. 

Distribution of genus: Cosmopolitan. 

Corbisema apiculata (Lemmermann) . 

(Figures 25, 30, 35.) 

Dictyocha triacantha Ehrenberg var. apiculata Lejvimerjsiann, 1901, p. 259, pi. 10, figs. 19, 
20. Schulz, 1928, pp. 247-248, figs. 27, 28. Gemeinhardt, 1930, p. 41, fig. 30. 
Deflandre, 1936, p. 34, fig. 49. 

Corbisema apiculata (Lemmermann). Hanna, 1931, p. 198, pi. D, fig, 2. 

Type locality. Jutland and Russia are cited in original publication. 
Diagnostic features. Skeleton triangular shaped with a short spine radiat- 
ing from each apex; or without spines. This species differs from Corbisema 
triacantha in that the spines of the latter are relatively longer than those of 
Corbisema apiculata. Frequently, Corbisema apiculata has no spines. 

Dimensions. With spines: maximum, 60 ya; average, 45 /^. Spines, 1-3 fx. 
Stratigraphic record. Paleocene (Kusnetsk, Russia): lower Eocene (Jut- 
land, Denmark). 

Occurrences in samples studied. ^‘Sidney Flat” shale (15 percent), Kel- 
logg shale (34 percent). 

Corbisema geometrica Hanna. 

(Figures 3, 4, 5.) 

Corbisema geometrica Hanna, 1928, p. 261, pi. 41, figs. 1, 2. Deflandre, 1940, p. 446, figs. 

3, 4, 6-8. Deflandre, 1950, p. S3, figs. 134, 136-139 [not 1351. 

Dictyocha triacantha Ehrenberg var. apiculata forma lateradiata Schulz, 1928, p. 281, fig. 73. 

Type locality. California Academy of Sciences locality 1144. Moreno for- 
mation (Upper Cretaceous), Panoche Hills, Fresno County, California, SW^4 
NEV4 Sec. 6, T. 15 S., R. 12 E., ^M.D.B.M. 

Diagnostic features. Equilateral triangular skeleton divided into three 
windows by internal bars in plane of triangle; bars bisect sides and meet at a 
central point or central triangular area. 

Dimensions. Maximum, 80 /n; average, 70 /x. 

Stratigraphic record. Upper Cretaceous (IMoreno formation in California, 
United States; ^^Spongiaires siliceux de la craie de Prusse,” Germany). 
Occurrences in samples studied. ]\Iarca shade (12 percent). 
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Corbisema species. 

(Figure 67.) 

Diagnostic features. Skeleton triangular shaped; apical window formed at 
intersection of three internal bars which bisect basal sides. Each apex of triangle 
has one radiating spine which is approximately one-third the length of one basal 
side. 

Dimensions. With spines: 40 /x. Spines, 5 7 /x. (Only one specimen was 
found.) 

Occurrences in samples studied. Buttle diatomite (less than 1 percent). 

Corbisema triacantlia (Ehrenberg). 

(Figures 28, 31.) 

Dictyocha triacantha Ehrenberg, 1844, pi. 10, fig. 19, [not 18]. Lemmermann, 1901, p. 258, 
pi. 10, fig. 18. Schulz, 1928, p. 247, fig. 24. Geaieinhardt, 1930, p. 40, figs. 2Sa, 28b. 
Zanon, 1934, p. 29, fig. 8. 

Corbisema triacantha (Ehrenberg). Hanna, 1931, p. 198, pi. D, fig. 1. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeleton triangular shaped, with one spine radiating 
from each of the three apexes; spine length approximately equal to side of tri- 
angle; center of triangle divided into three equal areas by three bars meeting 
at center of skeleton. 

Dimensions. With spines: maximum, 60 /x; average, 50 /x. Spines, 5-15 /x. 
Stratigraphic record. Paleocene (Bojarkino, Kusnetsk, and Simbirsk, 
Russia): lower Eocene (Mors and Fuur, Denmark): upper Eocene (Oamaru, 
New Zealand). 

Occurrences in samples studied. ‘‘ Sidney Flat’^ shale (8 percent), Kellogg 
shale (7 percent). 

Genus Dictyocha Ehrenberg 

Dictyocha Ehrenberg, 1838 [1840], p. 128. Type species (by subsequent designation, 
Frenguelli, p. 69, 1940): Dictyocha fibula Ehrenberg, 1838 [1840]. 

Range of genus in California to date: Eocene-Recent. 

World-wide range of genus: Cretaceous-Recent. 

Distribution of genus: Cosmopolitan. 

Dictyocha aiisonia Deflandre. 

(Figure 38.) 

Dictyocha fibula Ehrenberg, 1854, pi. 22, fig. 42b [not others]. Carnevale, 1908, p. 35, 
pi. 4, fig. 29. 

Dictyocha ausonia Deflandre, 1941, p. 101, figs. 8-11, 13. Deflandre, 1950, pp. 67-68, 
figs. 194-202. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeleton with elliptical basal ring, with two lateral 
swellings; basal ring has four radial spines, usually without supporting spines, 
apical structure slightly elevated. 

Dimensions. With spines: maximum, 55/x; average, 50 fx . Spines, 5-10 fx . 
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Stratigraphic record. Middle Neogene (Bergonzano and Marmorito, Italy; 
Caltanissetta, Sicily). 

Occurrences in samples studied. Diatomite at Sharktooth Hill (less than 
1 percent). 

Dictyocha fibula Ehrenberg. 

(Figures 14, 15, 16, 17, 18.) 

Dictyocha fibula Ehrenberg, 1838 [1840], p. 149. Ehrenberg, 1854, pi. 18, figs. 54a, 54b, 
S4c; pi. 19, fig. 43; pi. 20, fig. 45; pi. 21, fig. 42. Lemmermann, 1901, p. 260, pi. 10, 
fig. 24. Lemmermann, 1903, pp. 27-28, fig. 92. Hanna, 1928a, pi. 9, fig. 10. Schulz, 



Figure 20. Naviculopsis biapiculata (Lemmermann). Kellogg shale. Contra Costa 

County, California. Late Eocene. Maximum dimension, 0.067 mm. 

Figure 21. Naviculopsis biapiculata (Lemmermann). “Sidney Flat” shale. Contra Costa 
County, California. Late Eocene. Maximum dimension, 0.070 mm. 

Figure 22. Naviculopsis biapiculata (Lemmermann). Kellogg shale. Contra Costa 

County, California. Late Eocene. Maximum dimension, 0.081 mm. 

Figure 23. Mesocena oamaruensis Schulz. Kellogg shale. Contra Costa County, Cali- 
fornia. Late Eocene. Ma.ximum dimension, 0.053 mm. 

Figure 24. Mesocena polyniorpha var. quadrangula (Ehrenberg). Kellogg shale. Contra 
Costa County, California. Late Eocene. Maximum dimension, 0.052 mm. 

Figure 25. Corbisema apiculata (Lemmermann). Kellogg shale. Contra Costa County, 
California. Late Eocene. Maximum dimension, 0.045 mm. 

Figure 26. Mesocena polyniorpha var. biseptenaria Gemeinhardt. Kellogg shale. Contra 
Costa County, California. Late Eocene. Maximum dimension, 0.061 mm. 

Figure 27. Distephanus variabilis Hanna. “Sidney Flat” shale, Contra Costa County, 
California. Late Eocene. Maximum dimension, 0.058 mm. 

Figure 28. Corbisema iriacantha (Ehrenberg). “Sidney Flat” shale. Contra Costa 
County, California. Late Eocene. Maximum dimension, 0.050 mm. 

Figure 29. Mesocena occidentalis Hanna. “Sidney Flat” shale. Contra Costa County, 
California. Late Eocene. Ma.ximum dimension, 0.068 mm. 

Figure 30. Corbisema apiculata (Lemmermann). Kellogg shale. Contra Costa Count}’, 
California. Late Eocene. Maximum dimension, 0.045 mm. 

Figure 31. Corbisema triacantha (Ehrenberg). Kellogg shale, Contra Costa County, 
California. Late Eocene. Maximum dimension, 0.050 mm. 

Figure 32. Mesocena occidentalis Hanna. “Sidney Flat” shale, Contra Costa County, 
California. Late Eocene. Maximum dimension, 0.068 mm. 

Figure 33. Mesocena occidentalis Hanna. Kellogg shale, Contra Costa, County, Cali- 
fornia. Late Eocene. Maximum dimension, 0.077 mm. 

Figure 34. Distephanus variabilis Hanna. “Sidney Flat” shale. Contra Costa County, 
California. Late Eocene. Maximum dimension, 0.058 mm. 

Figure 35. Corbisema apicidata (Lemmermann). Kellogg shale. Contra Costa County, 
California. Late Eocene. Maximum dimension, 0.050 mm. 

Figure 36. Paradictyocha polyactis (Ehrenberg). Valmonte diatomite, Los Angeles 

County, California. Mohnian, late Miocene. Maximum dimension, 0.045 mm. 

Figure 37. Paradictyocha polyactis (Ehrenberg). Valmonte diatomite, Los Angeles 

County, California. Mohnian, late Miocene. Maximum dimension, 0.050 mm. 

Figure 38. Dictyocha ausonia Deflandre. Diatomite at Sharktooth Hill, Kern County, 
California. Relizian, middle Miocene. Maximum dimension, 0.055 mm. 
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1928, p. 252, GEaviEiNHARDT, 1930, p. 47, fig. 39a. Zanon, 1934, p. 30, fig. 1 1. Deflandre, 
1936, p. 29, fig. 31, p. 35, figs. 52, 53. Frenguexli, 1935, pi. 1, fig. 13 [not others] ; pi. 2, 
fig. 1 [not others]. Frenguelli, 1940, p. 43, fig. If. 

Type locality. Sicily. (Exact locality not cited.) 

Diagnostic features. Skeleton elliptical, spines at ends of major and minor 
axes; raised internal bars oriented approximately at 45° to major and minor 
axes; two bars meet at the major axis and become one bar. 

Dimensions. With spines: maximum, 85 /x; average, 60 /x. Spines, 5-10 
Stratigraphic RECORD. Paleocene (Kusnetsk, Russia): lower Eocene (Mors 
and Fuiir, Jutland): lower Neogene (Nankoorii, Nicabar Islands): middle Neo- 
gene (Caltanissetta and Licata, Sicily; Nyermegy, Hungary; Monte Gibbio, 
Italy). 

Occurrences in samples studied. ‘‘Sidney Flat’’ shale (33 percent), Kel- 
logg shale (16 percent). Buttle diatomite (less than 1 percent), lower part of 
Sisquoc formation of Purisima Hills (1 percent), lower part of Sisquoc formation 
of Lompoc area (27 percent), Valmonte diatomite (less than 1 percent), diatomite 
at Sharktooth Hill (69 percent), 

Dictyocha fibula Ehrenberg forma rhombica Schulz. 

(Figure 72.) 

Dictyocha fibula Ehrenberg forma rhombica Schulz, 1928, p. 253, fig. 37. Geaieinhardt, 
1930, p. 50, figs. 40a, 40b, 40c. Zanon, 1934, p. 30, figs. 1, 3. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeleton elliptical with raised bridge made of four 
internal bars; long axis of bridge is minor axis of skeleton (arrangement differs 
from that of Dictyocha jibula which has long axis of bridge as major axis) ; four 
radiating spines, one from each end of the two axes. 

Dimensions. With spines: maximum, 80 /x; average, 65 /x. Spines, 3-15 /x. 
Stratigraphic RECORD. Paleocene (Kusnetsk, Russia): lower Eocene (IMors 
and Fuur, Jutland): upper Neogene (Sendai, Japan). 

Occurrences in samples studied. Lower part of Sisquoc formation of 
Lompoc area (1 percent). 

Dictyocha fibula Ehrenberg var. stapedia Haeckel. 

(Figure 6.) 

Dictyocha stapedia Haeckel, 1887, p. 1561, pi. 101, figs. 10-12. 

Dictyocha fibula Ehrenberg stapedia Haeckel. Lemmermann, 1901, p. 261. Leaimerimann, 
1903, p. 29, fig. 96. 

Dictyocha fibula Ehrenberg var. stapedia Haeckel. Schulz, 1928, p. 254, fig. 39. Gemein- 
IL\RDT, 1930, p. 53, fig. 42. Zanon, 1934, p. 31, fig. 14. 

Type locality. “Tropical and warmer regions of Atlantic, Pacific, and 
Indian Oceans” are cited in original publication. 

Diagnostic features. Skeleton elliptical shaped with raised bridge of in- 
ternal bars; four short spines radiate inward from inner margin of basal ring; 
apical bridge has one vertical spine. 
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Dimensions. With spines: maximum, 30 /i; average, 25 /x. Spines, 3-8 /m. 
Stratigraphic record. Middle Neogene (Dolje, Yugoslavia; Licata, Sicily; 
Bremia, Hungary). 

Occurrences in saaiples studied. Valmonte diatomite (less than 1 percent). 

Dictyocha staurodon Ehrenberg. 

(Figure 65.) 

Dictyocha staurodon Ehrenberg, 1844, p. 80. Ehrenberg, 1854, pi. 18, fig. 58. Haeckel, 
1887, p. 1560. Lemmeraiann, 1901, p. 259, pi. 10, figs. 22, 23. Leaiaieraiann, 1903, 
p. 27, fig. 97. Schulz, 1928, p. 251, figs. 34a, 34b, 34c, 34d, 34e, 34f. Geaieinhardt, 1930, 
p. 46, figs. 38a, 38b, 38c. Zanon, 1934, p. 29, figs. 9, 10. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeleton quadrangular or rhombic; vertical spine, 
short or long; raised internal bars divide skeleton into four parallelograms of 
equal area; four spines in the basal plane extend from the ends of the major and 
minor axes of the ellipse. 

Dimensions. With spines: maximum, 50 fx \ average, 38 fx . Spines, 5-15 fx . 
Stratigraphic record. Paleocene (Kusnetsk, Russia); lower Eocene (Mors 
and Fuur, Jutland): upper Eocene-lower Oligocene (Barbados, island north of 
South America): lower Neogene (]\Ioron, Spain): middle Neogene (Dolje, Yugo- 
slavia; Bremia, Hungary; ‘‘Richmond’^ and ^^Santa jMonica,^’ United States). 

Occurrences in samples studied. Lower part of Sisquoc formation of 
Lompoc area (less than 1 percent). 

Genus Distephanu.s Stohr 

Distcphanus Stohr, 1880, p. 121. Emended by Haeckel, 1887, pp. 1562-1563. Type species 
Distephanus rotundus (nom. oblit.) — Dictyocha speculum Ehrenberg 1838 11840] and 
is monotypic. 

Range of genus in California to date: Eocene-Recent. 

World-wide RANGE of genus: Upper Cretaceous-Recent. (Klement, 1963, 
and Zanon, 1934, report occurrences in the Albian and in the Middle Triassic. 
Until these records are confirmed the Upper Cretaceous should be considered the 
first appearance of this genus.) 

Distribution of genus. Cosmopolitan. 

The genus Distephanus as originally defined by Stohr is monotypic. It con- 
tains only Distephanus rotundus, a synonym for Dictyocha speculum (Stohr, 
1880, p. 121, pi. 7, figs. 8a, 8b, 9. Nevertheless, in spite of this error, it is con- 
venient to retain the concept and name of Distephanus as emended by Haeckel. 
Since 1887 there has been cosmopolitan, consistent and frequent usage of this 
genus (in the sense of Haeckel) by: Borgert, 1891; Lemmermann, 1901; Schulz, 
1928; Gemeinhardt, 1930; Marshall, 1934; Zanon, 1934; Yanagisawa, 1943; 
Hanna, 1944; IMargalef, 1957; Mandra, 1960; Tsuniura, 1963; and many others 
listed in the bibliographies of the above papers. The name Distephanus rotundus 
has not been used in any major work for more than 50 years and therefore would 
be considered invalid according to the International Rules of Zoological Nomen- 
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clatiire. Dr. G D. Hanna, California Academy of Sciences and I are convinced 
that the generic name Distephanus serves a useful purpose in the study of silico- 
flagellates and propose that it be considered a nomen conservatum. 

Distephanus crux (Ehrenberg). 

(Figures 59, 64, 81.) 

Dictyocha crux Ehrenberg, 1838 [1840], p. 207. Ehrenberg, 1854, pi. 18, fig. 56; pi. 20, 
fig. 46; pi. 33, fig. 9. 

Distephanus crux (Ehrenberg). Haeckel, 1887, p. 1563. Lemmermann, 1901, p. 262, pi. 11, 
figs. 6, 7. Lemmermann, 1903, p. 29, fig. 98. Schulz, 1928, pp. 255-256, fig. 44. 
Gemeinhardt, 1930, p. 58, fig. 49. Zanon, 1934, p. 32, fig. 16. 

Type locality. Sicily. (Exact locality not known.) 

Diagnostic features. Skeleton basal ring is square or rhombic with four 
radiating spines, one at each apex; two of these spines are always longer than 
the other two. From the middle of the sides (which may be sinuous, round, 
smooth, or rough with or without spines) radiating inward are four thin internal 
bars which support an apical window. 

Dimensions. With spines: maximum, 60 /x; average, 49 /x. Spines, 2-15 /x. 
Stratigraphic record. Upper Eocene (Oamaru, New Zealand): lower Neo- 
gene (Moron, Spain): middle Neogene (Bremia and Szt. Peter, Hungary; Dolje, 
Yugoslavia; “Santa Monica,’’ United States): upper Neogene (Sendai, Japan). 

Occurrences in samples studied. Diatomite at Sharktooth Hill (6 per- 
cent), Buttle diatomite (1 percent), Valmonte diatomite (2 percent), lower part 
of Sisquoc formation of Lompoc area (1 percent), lower part of Sisquoc forma- 
tion of Purisima Hills (2 percent). 

Distephanus ornamentus (Ehrenberg). 

(Figure 78.) 

Dictyocha ornanientum Ehrenberg, 1844, p. 80. 

Distephanus ornamentus (Ehrenberg). Hanna, 1928a, pi. 9, fig. 9. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeleton is six-sided ring, with six radiating spines, 
six-sided apical window supported by six internal bars which bisect basal sides; 
six small teeth extending up from inside of the basal ring. 

Dimensions. With spines: maximum, 50 /x; average, 44 /x. Spines, 5-10 /x. 
Stratigraphic record. Miocene (Monterey formation in California, United 
States). 

Occurrences in samples studied. Monterey formation at type area (85 
percent). Buttle diatomite (less than 1 percent). 

Distephanus speculum (Ehrenberg). 

(Figures 61, 74, 76, 79.) 

Dictyocha speculum Ehrenberg, 1838 [1840], p. 150. Ehrenberg, 1854, pi. 18, fig. 57; 

pi. 19, fig. 41 ; pi. 21, fig. 44b; pi. 22, fig. 47. Stohr, p. 121, pi. 7, fig. 8. 

Dictyocha ornanientum Ehrenberg, 1844, p. 80. 
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Distephauus speculum (Ehrenberg). Haeckel, 1887, pp. 1563, 1565. Lemmermann, 1901, 
p. 263, pi. 11, fig. 11. Schulz, 1928, p. 262. Gemeinhardt, 1930, pp. 61-62, fig, 53. 
Zanon, 1934, pp. 32-33, figs. 35, 36, 37. 

Type locality. Sicily. (Exact locality not known.) 

Diagnostic features. Skeleton truncated six-sided pyramid composed of 
two regular hexagonal rings lying in parallel planes and connected by six ascend- 
ing inter-radial bars; bars projecting from corners of the upper ring bisect sides 
of lower large ring; six radiating spines projecting from the corners of lower rings. 
Dimensions. With spines: maximum, 50 /x; average, 45 /x. Spines, 5-10 /x. 
Stratigraphic record. Paleocene (Archangelsk, Simbirsk, and Kusnetsk, 
Russia): upper Eocene (Oamaru, New Zealand): upper Eocene-lower Oligocene 
(Barbados, island north of South America): lower Xeogene (VIoron, Spain; 
Nankoorii, Nicabar Islands): middle Neogene (Licata and Caltanissetta, Sicily; 
Szakal and Nagy Kurtos, Hungary; VIejillones, Bolivia; “San Pedro,” “Santa 
Monica,” and ^‘Nottingham” United States): upper Neogene (Sendai, Japan). 

Occurrences in samples studied. Diatomite at Sharktooth Hill (7 per- 
cent), Buttle diatomite (78 percent), VIonterey formation at type area (13 per- 
cent), Valmonte diatomite (2 percent), lower part of Sisquoc formation of 
Lompoc area (62 percent), lower part of Sisquoc formation of Purisma Hills (93 
percent), Kellogg shale (6 percent). 

Distephaniis speculum (Ehrenberg) var. brevispinus Lemmermann. 

(Figure 83.) 

Disiephanus speculum (Ehrenberg) var. brevispinus Lemmermann, 1901, p. 264, pi. 11, fig. 14. 
Type locality. Pacific Ocean and Baltic Sea are cited in original publication. 
Diagnostic features. Skeleton six-sided with six-sided apical window; 
short radiating spines from vertices of basal ring; apical window supported by 
internal bars bisecting basal sides; six short supporting internal spines. 
Dimensions. With spines: maximum, 50 /x; average, 46 /x. Spines, 2 -3 /x. 
Stratigraphic record. Vliocene (California, United States). 

Occurrences in samples studied. Diatomite at Sharktooth Hill (less than 
1 percent). Buttle diatomite (15 percent), Valmonte diatomite (less than 1 per- 
cent), lower part of Sisquoc formation of Lompoc area (3 percent), Monterey 
formation at type area (less than 1 percent), lower part of Sisquoc formation of 
Purisima Hills (1 percent). 

DistephaniLs speculum (Ehrenberg) var. pentagoiius Lemmermann. 

(Figures 62, 69.) 

Disiephanus speculum (Ehrenberg) var. pentagonus Lemmermann, 1901, p. 264, pi. 11, fig. 
19. Schulz, 1928, pp. 261, 263, fig. 57. Gixmeinhardt, 1930, p. 65, fig. 57. Zanon, 1934, 
p. 34, fig. 39. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeleton pentagonal basal ring with five spines, more 
or less equal; apical ring pentagonal, with or without spines. 

Dimensions. With spines; maximum, 40 /x; average, 33 /x. Spines, 5 /x. 
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Stratigraphic record. Middle Miocene (Cupramontana, Italy): middle 
Neogene (Bremia^ Hungary; Girgenti and Licata, Sicily; ^^Santa Monica’^ and 
'^Santa Barbara/’ United States). 

Occurrences in samples studied. Buttle diatomite (1 percent). 

Distephaiuis variabilis Hanna. 

(Figures 27, 34.) 

Distephanus variabilis Hanna, 1931, pi. D, fig. 8; pi. E, figs. 4-7. 

Type locality. California Academy of Sciences locality 1832. Kreyenhagen 
shale (upper Eocene at this locality) Antioch, Contra Costa County, California, 
NEVt Sec. 2, T. 1 N., R. 1 E., M.D.B.M. 

Diagnostic features. Skeleton five-sided basal ring; spines radiating from 
each of the five corners; apical bridge with or without windows. 

Dimensions. With spines: maximum, 65 average, 58 /x. Spines, 5-10 /x. 
Stratigraphic record. Upper Eocene (‘^Sidney Flat” and Kellogg shales 
in California, United States). See Hanna (1931). 

Occurrences in samples studied. “vSidney Flat” shale (12 percent), Kel- 
logg shale (7 percent). 

Genus Lyranuila Hanna 

Lyramula Hanna, 1928, p. 262. Type species (by original designation): Lyrawida jurcula 
Hanna, 1928. 

Range of genus in California to date: Upper Cretaceous. 

World-wide range of genus: Upper Cretaceous. 

Distribution of genus: California, U.S.A. 

Lyramula fiircula Hanna. 

(Figures 7, 8, 13.) 

Lyramula furcula Hanna, 1928, p. 262, pi. 41, figs. 4, 5. Deflandre, 1936, p. 32, fig. 45. 
Deflandre, 1940, p. 509, figs. 1-4. Deflandre, 1950, p. 61/82, figs. 163, 165, 167-169. 
Type locality. California Academy of Sciences locality 1144. ]\Ioreno for- 
mation (Upper Cretaceous), Panoche Hills, Fresno County, California, SWVi 
NEVl Sec. 6, T. 15 S., R. 12 E., M.D.B.M. 

Diagnostic features. Simple Y-shaped hollow bar of silica, three ends 
sharply pointed; stalk of Y being shortest. 

Dimensions. With spines: maximum, 110 /x; average, 90 /x. Spines, 10-20 /x. 
Stratigraphic record. “Le Senonien de Prusse,” Germany. Upper Creta- 
ceous (Moreno formation in Calif.). 

Occurrences in samples studied. Marca shale (79 percent). 

Lyramula simplex Hanna. 

(Figures 9, 10.) 

Lyramula simplex Hanna, 1928, p. 262, pi. 41, fig. 6. Deflandre, 1936, p. 32, fig. 44. De- 
flandre, 1940, p. 509, figs. 5, 6. Deflandre, 1950, p. 61/82, figs. 164, 166. 

Type locality. California Academy of Sciences locality 1144. Moreno for- 
mation (Upper Cretaceous), Panoche Hills, Fresno County, Californa, SW^/4 
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NEV4 Sec. 6, T. 15 S,, R. 12 E., M.D.B.M. 

Diagnostic features. Simple U-shaped bar of hollow silica. 

Dimensions. Maximum, 90ju; average, 85 /x. 

Stratigraphic record. ^‘Le Senonien de Prusse,” Germany. Upper Creta- 
ceous (Moreno formation in California). 

Occurrences in samples studied. !Marca shale (2 percent). 

Genus Mesocena Ehrenberg 

Mesocena Ehrenberg, 1841 [1843], p. 401. Type species (by subsequent designation, 
Frenguelli, 1940, p. 69): Mesocena dliptica Ehrenberg, 1841 [1843]. 

Range of genus in California to date: Eocene-Miocene. 

World-wide range of genus: Eocene-Miocene. 

Distribution of genus: Cosmopolitan. 

Mesocena crenulata Ehrenberg. 

(Figure 46.) 

Mesocena crenulata Ehrenberg, 1860, p. 822 [no figs.]. Lemmermann, 1901, p. 255 [no figs.]. 
Mesocena annulus Haeckel, 1887, p. 1555 [no figs.]. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeleton ring elliptical, smooth or slightly denticulate 
on the outer margin, without spines; major axis of ellipse is 1 to U/j times as long 
as the minor axis. 

Dimensions. Maximum, 60 /x; average, 52/x. Thickness of bar, 2 /x. 
Stratigraphic record. Greece. (Exact locality not known.) 

Occurrences IN samples studied. Valmonte diatomite (1 percent). 

Mesocena crenulata Ehrenberg var. diodon Ehrenberg. 

(Figures 44, 47, 49, 51, 53, 57.) 

Mesocena diodon Ehrenberg, 1844, p. 84. Ehrenberg, 1854, pi. 33, fig. 18. 

Mesocena crenulata Ehrenberg var. diodon Ehrenberg. Lemaiermann, 1901, p. 255, pi. 10, 
figs. 1, 2. Schulz, 1928, p. 236, figs, la, lb. Gemeinhardt, 1930, p. 27, fig. 10. Zanon, 
1934, p. 26, fig. 1. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeleton ring elliptical, usually denticulate, with two 
spines at the ends of the major axis. 

Dimensions. With spines: maximum, 60 jn; average, 52 /x. Spines, 2-10 /x. 
Stratigraphic record. Upper Eocene-lower Oligocene (Barbados, island 
north of South America): lower Neogene (Moron, Spain): middle Neogene 
(Monte Gibbio, Italy; Szt. Peter, Hungary; “Redondo,” “Richmond,” and 
“Santa Monica,” United States). 

Occurrences in samples studied. Valmonte diatomite (75 percent). Buttle 
diatomite (less than 1 percent). 

Mesocena crenulata Ehrenberg var. elliptica (Ehrenberg). 

(Figure 54.) 

Mesocena elliptica Ehrenberg, 1844, p. 84. Ehrenberg, 1854, pi. 20, fig. 44. 
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Dictyocha elUptica Ehrenberg, 1872, p. 44. 

Mesocena creviilata Ehrenberg var. elliptica Ehrenberg. Lemmermann, 1901, p. 255 I no fig.l. 
Schulz, 1928, p. 236, fig. 2. Gemeinhardt, 1930, p. 27, fig. 11. Zanon, 1934, p. 27. 
Type locality. Not stated in original publication. 

Diagnostic features. Skeleton rings elliptical or ovate; one spine projects 
from each end of the major axis and one from each end of the minor axis of the 
ellipse. 

Dimensions. With spines: maximum, 60 fx\ average, 54 Spines, 2-6 fx. 



<r 

Figure 39. Mesocena polymorpha Lemmermann. \'almonte diatomite, Los Angeles 

County, California. Mohnian, late Miocene. Maximum dimension, 0.045 mm. 

Figure 40. Mesocena polymorpha var. triangida (Ehrenberg). Valmonte diatomite, 

Los Angeles County, California. Mohnian, late Miocene. Maximum dimension, 0.057 mm. 

Figure 41. Mesocena hexagona Haeckel. Buttle diatomite, Monterey County, California. 
Delmontian, late Miocene. Maximum dimension, 0.033 mm. 

Figure 42. Mesocena polymorpha var. triangida (Ehrenberg). Valmonte diatomite, 

Los Angeles County, California. Mohnian, late Miocene. Maximum dimension, 0.060 mm. 

Figure 43. Mesocena polymorpha Lemmermann. Valmonte diatomite, Los Angeles 

County, California. Mohnian, late Miocene. Maximum dimension, 0.047 mm. 

Figure 44. Mesocena crenulata var. diodon Lemmermann. Valmonte diatomite, Los 
Angeles County, California. Mohnian, late Miocene. Maximum dimension, 0.052 mm. 

Figure 45. Mesocena polymorpha Lemmermann. Valmonte diatomite, Los Angeles 

County, California. Mohnian, late Miocene. Maximum dimension, 0.050 mm. 

Figure 46. Mesocena crenulata Ehrenberg. Valmonte diatomite, Los Angeles County, 
California. Mohnian, late Miocene. Maximum dimension, 0.052 mm. 

Figure 47. Mesocena crenulata var. diodon Lemmermann. Valmonte diatomite, Los 
Angeles County, California. Mohnian, late Miocene. Maximum dimension, 0.056 mm. 

Figure 48. Mesocena polymorpha Lemmermann. \'almonte diatomite, Los Angeles 

County, California. Mohnian, late Miocene. Maximum dimension, 0.046 mm. 

Figure 49. Mesocena crenulata var. diodon Lemmermann. \"almonte diatomite, Los 
Angeles County, California. Mohnian, late Miocene. Maximum dimension, 0.054 mm. 

Figure 50. Mesocena polymorpha Lemmermann. Valmonte diatomite, Los Angeles 

County, California. Mohnian, late Miocene. Maximum dimension, 0.048 mm. 

Figure 51. Mesocena crenulata var. diodon Lemmermann. Valmonte diatomite, Los 

Angeles County. Mohnian, late Miocene. Maximum dimension, 0.057 mm. 

Figure 52. Mesocena polymorpha var. triangida (Ehrenberg). Valmonte diatomite, 

Los Angeles County, California. Mohnian, late Miocene. Maximum dimension, 0.051 mm. 

Figure 53. Mesocena crenulata var. diodon Lemmermann. Valmonte diatomite, Los 

Angeles County, California. Mohnian, late Miocene. Maximum dimension, 0.053 mm. 

Figure 54. Mesocena crenulata var. elliptica (Ehrenberg). Valmonte diatomite, Los 

Angeles County, California. Mohnian, late Miocene. Maximum dimension, 0.054 mm. 

Figure 55. Mesocena polymorpha var. triangida (Ehrenberg). Valmonte diatomite, Los 
.Angeles County, California. Mohnian, late Miocene. Maximum dimension, 0.049 mm. 

Figure 56. Mesocena polymorpha var. triangida (Ehrenberg). Valmonte diatomite, Los 
Angeles County, California. Mohnian, late Miocene. Maximum dimension, 0.058 mm. 

Figure 57. Mesocena crenulata var. diodon Lemmermann. Valmonte diatomite, Los 

.Angeles County, California. Mohnian, late Miocene. Maximum dimension, 0.051 mm. 
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Stratigraphic record. ^Middle Neogene (Caltanissetta, Sicily; ^‘Notting- 
ham/’ United States): upper Neogene (Zante, Greece). 

Occurrences in samples studied. Valmonte diatomite (less than 1 per- 
cent), Monterey formation at type area (less than 1 percent). 

Mesocena hexagoiia Haeckel. 

(Figure 41.) 

Mesocena hexagona Haeckel, 1887, p. 1556 [no fig.]. Hanna, 1928a, pi. 9, figs. 6-8. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeleton regular hexagonal with six radial spines on 
six corners. 

Dimensions. With spines: maximum, 35 /x; average, 30 ^x. Spines, 2-7 fx. 
Stratigraphic RECORD. Miocene (Monterey formation in California, United 
States): middle Neogene (Corfu, exact locality not known). 

Occurrences in saj^iples studied. Buttle diatomite (less than 1 percent). 

Mesocena oaniaruensis Schulz. 

(Figure 23.) 

Mesocena oaniaruensis Schulz, 1928, p. 241, figs. 10a, 10b. Gemeinhardt, 1930, p. 34, fig. 20. 
Type locality. Not stated in original publication. 

Diagnostic features. Skeleton triangular, no spines. 

Dimensions. Maximum, 60 fx ; average, 53 ft. 

Stratigraphic record. Upper FMcene (Oamaru, New Zealand). 
Occurrences in samples studied. Kellogg shale (5 percent). 

Mesocena occidentalis Hanna. 

(Figures 29, 32, 33.) 

Mesocena occidentalis Hanna, 1931, pi. E, fig. 1. 

Type locality. California Academy of Sciences locality 1832. Kreyenhagen 
shale (upper Eocene at this locality), Antioch, Contra Costa County, California, 
NEVt Sec. 2, T. 1 N., R. 1 E., M.D.B.M. 

Diagnostic features. Skeleton square, with spines radiating out from each 
corner; sides straight or slightly convex, spines long or short. 

Dimensions. With spines: maximum, 77 ft; average, 68 ft. Spines, 5-15 ft. 
Stratigraphic record. Upper Eocene (“Sidney Flat” and Kellogg shales 
in California, United States). See Hanna (1931). 

Occurrences in samples studied. “Sidney Flat” shale (17 percent), Kel- 
logg shale (1 percent). 

Mesocena polymorpha Lemmermann. 

(Figures 39, 43, 45, 48, 50.) 

Mesocena polymorpha Lemaiermann, 1901, p. 255 [no fig.]. Schulz, 1928, p. 237. Gemein- 
hardt, 1930, p. 27. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeleton simple, circular to many sided ring. 
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Dimensions. With spines: maximum, 50 /x; average, 45 /x. Spines, usually 
less than 5 /x. 

Stratigraphic record, Miocene (California, United States). 

Occurrences in samples studied. Valmonte diatomite (less than 1 percent). 

Mesocena polyniorpha Lemmermann var. biseptenaria Gemeinhardt. 

(Figure 26.) 

Mesocena polyniorpha Lemmermann var. biseptenaria Gemeinhardt, 1930, p. 31, fig. 16. 
Type locality. Not stated in original publication. 

Diagnostic features. Skeleton six-sided, with spines radiating from each 
apex; two additional spines, one directed to center of skeleton, and the other 
bisecting one side and radiating outward. 

Dimensions. With spines: maximum, 70 /x, average, 61 Spines, 2-10 /x. 
Stratigraphic record. Upper Eocene (Oamaru, New Zealand). 
Occurrences in samples studied. Kellogg shale (3 percent). 

Mesocena polyniorpha Lemmermann var. quadrangula Ehrenberg. 

(Figure 24.) 

7Mesocena quadrangula Ehrenberg, 1872, pp. 145, 273. 

Mesocena polyniorpha Lemmermann var. quadrangula Ehrenberg. Lejmmeraiann, 1901, 
p. 256, pi. 10, figs. 5-7. Lemmermann, 1903, p. 26, fig. 89. Schulz, 1928, pp. 237-238, 
figs. 4a, 4b, 4c. Gemeinhardt, 1930, p. 29, fig. 13. Zanon, 1934, j). 27, fig. 4. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeletal ring square, with four radial spines on 
corners; shape varies from square to rhomboid to irregular form; sides covered 
by small tubercles. 

Dimensions. With spines: maximum, 60 fx] average, 52 /x. Spines, 3-10 /x. 
Stratigraphic record. Lower Neogene (Nankoorii, Nicabar Islands; 
Moron, Spain): middle Neogene (^‘Santa Monica,” ^'Santa ]\Iaria,” and ^‘Not- 
tingham,” United States; Szt. Peter, Hungary): upper Neogene (Kittani, Japan: 
Zante, Greece). 

Occurrences in samples studied. Kellogg shale (1 percent), '^Sidney 
Flat” shale (1 percent). 

Mesocena polyniorpha Lemmermann var. triangula Ehrenberg. 

(Figures 40, 42, 52, 55, 56.) 

Mesocena triangula Ehrenberg, 1840, p. 208. Ehrenberg, 1854, pi. 22, fig. 41. 

Dictyocha triangula Ehrenberg, 1875, p. 46. 

Lithocircus triangidaris Stohr, 1880, p. 121, pi. 7, fig. 10. 

Mesocena polyniorpha Lemmermann var. triangula Ehrenberg. Lemmermann, 1901, p. 255, 
pi. 10, figs. 3, 4. Schulz, 1928, p. 237, figs. 3a, 3b, 3c. Gemeinhardt, 1930, p. 28, figs. 
12a, 12b, 12c. Zanon, 1934, p. 27, figs. 2, 3. 

Type locality. Not stated in original publication. 

Diagnostic features. Skeletal ring triangular, with small peripheral spines, 
and three larger spines at the corners; sides more or less convex, with tendency to 
become round. 
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Figure 58. Cannopilus cyrtoides Haeckel. Diatomite at Sharktooth Hill, Kern County, 
California. Relizian, middle Miocene. Maximum dimension, 0.032 mm. 

Figure 59. Distephanus crux (Ehrenberj;) . Sisquoc formation (Purisima Hills), Santa 
Barbara County, California. Delmontian, late Miocene. Maximum dimension, 0.049 mm. 

Figure 60. Cannopilus hemisphericus (Ehrenberji) . Diatomite at Sharktooth Hill, Kern 
County, California. Relizian, middle Miocene. Maximum dimension, 0.040 mm. 

Figure 61. Distephanus speculum (Ehrenberc) . Monterey formation (type area), Mon- 
terey County, California. Delmontian, late Miocene. Maximum dimension, 0.045 mm. 

Figure 62. Distephanus speculum var, pentagonus Lemmermann. Buttle diatomite, 
Monterey County, California. Delmontian, late Miocene. Maximum dimension, 0.033 mm. 

Figure 63. Cannopilus hemisphericus (Ehrenberg). Diatomite at Sharktooth Hill, Kern 
County, California. Relizian, middle Miocene. Maximum dimension, 0.050 mm. 

Figure 64. Distephanus crux (Ehrenberg). Sisquoc formation (Purisima Hills), Santa 
Barbara County. Delmontian, late Miocene. Maximum dimension, 0.060 mm. 

Figure 65. Dictyocha staurodon Ehrenberg. Sisquoc formation (Lompoc area), Santa 
Barbara Count}'. Delmontian, late Miocene. Maximum dimension, 0.038 mm. 

Figure 66. Cannopilus hemisphericus (Ehrenberg). Diatomite at Sharktooth Hill, Kern 
County, California. Relizian, middle Miocene. Maximum dimension, 0.047 mm. 

Figure 67. Corbisema species. Buttle diatomite, Monterey County, California. Delmontian, 
late Miocene. Maximum dimension, 0.040 mm. 

Figure 68. Cannopilus binoculus (Ehrenberg). Monterey formation (type area), Mon- 
terey County, California. Delmontian, late Miocene. Maximum dimension, 0.048 mm. 

Figure 69. Distephanus speculum var. pentagonus Lemmermann. Buttle diatomite, 
Monterey County, California. Delmontian, late Miocene. Maximum dimension, 0.040 mm. 

Figure 70. Cannopilus sphericus Gemeinhardt. Valmonte diatomite, Los Angeles County, 
California. Mohnian, late Miocene. Maximum dimension, 0.025 mm. 

Figure 71. Cannopilus hemisphericus (Ehrenberg). Diatomite at Sharktooth Hill, Kern 
County, California. Relizian, middle Miocene. Maximum dimension, 0.039 mm. 

Figure 72. Dictyocha fibula var. rhombica Schulz. Sisquoc formation (Lompoc area), 
Santa Barbara County, California. Delmontian, late Miocene. Maximum dimension, 0.065 mm. 

Figure 73. Cannopilus binoculus (Ehrenberg). Sisquoc formation (Lompoc area), Santa 
Barbara County, California. Delmontian, late Miocene. Maximum dimension, 0.060 mm. 

Figure 74. Distephanus speculum (Ehrenberg). Monterey formation (type area), Mon- 
terey County, California. Delmontian, late Miocene. Maximum dimension, 0.050 mm. 

Figure 75. Cannopilus cyrtoides Haeckel. Diatomite at Sharktooth Hill, Kern County, 
California. Relizian, middle Miocene. Maximum dimension, 0.040 mm. 

Figure 76. Distephanus speculum (Ehrenberg). Buttle diatomite, Monterey County, 
California. Delmontian, late Miocene. Maximum dimension, 0.047 mm. 

Figure 77. Cannopilus binoculus (Ehrenberg). Sisquoc formation (Lompoc area), Santa 
Barbara County, California. Delmontian, late Miocene. Maximum dimension, 0.054 mm. 

Figure 78. Distephanus ornamentus (Ehrenberg). Monterey formation (type area), 
Monterey County, California. Delmontian, late Miocene. Maximum dimension, 0.044 mm. 

Figure 79. Distephanus speculum (Ehrenberg). Sisquoc formation (Purisima Hills), 
Santa Barbara County, California. Delmontian, late Miocene. Maximum dimension, 0.042 mm. 

Figure 80. Cannopilus calyptra Haeckel. Diatomite at Sharktooth Hill, Kern County. 
Relizian, middle Miocene. Maximum dimension, 0.035 mm. 

Figure 81. Distephanus crux (Ehrenberg). Sisquoc formation (Purisima Hills), Santa 
Barbara County, California. Delmontian, late Miocene. Maximum dimension, 0.044 mm. 

Figure 82. Cannopilus binoculus (Ehrenberg). \'almonte diatomite, Los Angeles County, 
California. Mohnian, late Miocene. Maximum dimension, 0.042 mm. 

Figure 83. Distephanus speculum var. brevispinus Lemmermann. Buttle diatomite, Mon- 
terey County, California. Delmontian, late Miocene. Maximum dimension, 0.046 mm. 
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Dimensions. With spines: maximum, 60 /x; average, 55 /x. Spines, 2-5 /x. 
Stratigraphic record. Lower Neogene (Moron, Spain): middle Neogene 
(^‘Santa Maria,’’ “Santa Monica,” and “Nottingham,” United States; Nagy 
Kurtos, Szakal, and Szt. Peter, Hungary; Caltanissetta and Grotte, Sicily). 

Occurrences in samples studied. Diatomite at Sharktooth Hill (less than 
1 percent), Valmonte diatomite (4 percent). 

Genus Naviculopsis Frenguelli 

Naviculopsis Frenguelli, 1940, p. 69. Type species (by original designation, Frenguelli, 
1940): Naviculopsis biapiculata (Lemmermann) rr: /)/c/yoc/^a navicula Ehrenberg var. 
biapiculata Lemmeilmann, 1901. 

Range of genus in California to date: Eocene. 

World-wide range of genus: Eocene. 

Distribution of genus: Cosmopolitan. 

Naviculopsis biapiculata (Lemmermann). 

(Figures 20, 21, 22.) 

Dictyocha navicula Ehrenberg var. biapiculata Lemmermann, 1901, p. 258, pi. 10, figs. 14, 
15. Schulz, 1928, p. 244, figs. 18a, 18b, 19. Zanon, 1934, p. 28, fig. 6. 

Naviculopsis biapiculata (Lemmermann). Frenguelli, 1940, p. 60, figs. 11c, lid. 

Type locality. Dolje, Fiiiir, and Kusnetzk are cited in original publication. 
Diagnostic features. Skeleton elliptical ring with one bar across minor 
axis, and one spine at each end of major axis. 

Dimensions. With spines: maximum, 80 /x; average, 70 /x. Spines, 5-15 /x. 
Stratigraphic RECORD. Paleocene (Kusnetsk, Russia): lower Eocene (Fuur 
and Mors, Jutland): upper Eocene (Oamaru, New Zealand): middle Neogene 
(Dolje, Yugoslavia). 

Occurrences in samples studied. Kellogg shale (19 percent), “Sidney 
Flat” shale (14 percent). 

Genus Paradictyocha Frenguelli 

Paradictyocha Frenguelli, 1940, p. 69. Type species (by original designation, Frenguelli, 
1940): Paradictyocha polyactis (Ehrenberg) = Z)/c/yoc^a polyactis Ehrenberg, 1844. 
Range of genus in California to date: Miocene. 

World-wide range of genus: Oligocene-Miocene. 

Distribution of genus: California, U.S.A,; Japan; Europe, 

Paradictyocha polyactis (Ehrenberg). 

(Figures 36, 37.) 

Dictyocha polyactis Ehrenberg, 1844, p. 80. Ehrenberg, 1854, pi. 20, fig. 50. 

Paradictyocha polyactis (Ehrenberg). Frenguelli, 1940, p. 52, fig. 7g; p. 54, figs. 8a, 8b, 
8c, 8d, 8e. 

Type locality. Moron, Spain. 

Diagnostic features. Skeleton circular or elliptical, approximately 15-25 
pronounced bosses each of which is almost as long as the rod diameter of the 
basal ring. 
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Table 6. Alphabetical arrangement of California silico flagellate species. 



CALIFORNIA SILICOFLAGELLATE SPECIES 



MIOCENE 


ALPHABETICAL ARRANGEMENT OF SPECIES 


RE L. 


MOH. 


DEL. 








Connopilus 


binoculus 






1 Connopilus 


colyptro 


Connopilus 


cyrtoides 








Conno pilus 


hemisphericus 








Connopilus 


sphericus 








Corbisemo 


opicu lofo 








Corbisem o 


geometrico 








Corbisemo 


triocont ho 








Dictyocho 


ousonio 



Dictyocho 



fibulo 



Dictyoc ho 



fibulo 



vor. rhombicQ 



Dictyoc ho 



fibulo 



vor stopedio 



Diet yo cho 



stourodon 



DIstephonus crux 



Distephonus ornomentus 



Dittephonus speculum 









1 Distephonus 


speculum 


vor. 


brevispinus 










1 Distephonus 


speculum 


vor 


pentogonus 










Distephonus 


voriobilis 














Lyromulo 


f urculo 














Lyromulo 


simplex 














Mesoceno 


crenuloto 












Mesoceno 


crcnuloto 


vor. 


diodon 










1 Mesoceno 


crenuloto 


vor. 


elliptico 










1 Mesoceno 


hexogono 






■■ 








Mesoceno 


oomoruensis 






■ 








Mesocen 0 


occidentolis 






□ 




u 




Mesoceno 


polymorpho 














Mesoce no 


polymorpho 


vor- 


biseptenorio 


■ 










Mesoceno 


polymorpho 


vor- 


Quodronqulo 


□ 






Mesoceno 


polymorpho 


vor. 


f rionquio 


H 







Noviculopsis 


blopicu loto 






11 




1 Poro dictvocho polvoctls 







1 Vollocerto 


hortoni 
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Table 7 



. California silico flagellate species grouped according to series and stage distribution. 



CALIFORNIA SILICOFLAGELLATE SPECIES 




GROUPING OF SPECIES ACCORDING 
TO SERIES AND STAGE DISTRIBUTION 


Corbisema 


geometrico 






Lyramula 


simplex 






Lyramula 


f urculo 






Va 1 1 a c erta 


hor toni 






Corbisema 


opi culQ to 






Corbisema 


trioco ntho 






Dis t e p bonus 


V orio bi Ms 






Mesoceno 


oomoruensis 






M esQceno 


occidentolis 






Mesoceno 


polymor pho 


VO r. 


biseptenorio 


Mesoceno 


poly mor pho 


vor. 


quadra ngulo 


Noviculopsis 


biapiculoto 






Dictyocho 


ousonio 






Di c f yoc ho 


fi bulo 


vor. 


stopedio 


Mesoce no 


crenu Iota 






Mesoceno 


crenuloto 


vor. 


ellipticQ 


Mesoceno 


poly morpho 






1 Dictyocho 


f ibu lo 


vor. 


rhombico 


1 Dictyocho 


stourodon 






1 Distephonus 


ornomentus 






1 Distephonus 


s peculu m 


vor. 


pentogonus 


1 Mesoceno 


hexogono 






1 Mesoceno 


crenuloto 


VO r. 


diodon 


Mesoceno 


polymorpho 


vor. 


triongulo 


Connopi lus 


sphericus 






Conno pi lus 


cy rtoides 






C onnopilu s 


hemisphericus 




1 Connopilus 


binoculus 






1 Distephonus 


crux 






1 Distephonus 


speculum 


vor. 


brevispinus 


1 po rodicty ocho 


polyoctis 






1 Dictyocho 


f i bulo 






1 Distephonus 


speculum 






1 Connopilus 


colyptro 
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Dimensions. ^laximum, 50 /x; average, 45 jx. Bosses, 1-2 /x. 

Stratigraphic record. Lower Xeogene (^loron, Spain). 

Occurrences in samples studied. Buttle diatoinite (less than 1 percent), 
Y^almonte diatoinite (2 percent), lower part of Sisqiioc formation of Lompoc 
area (2 percent), lower part of Sisquoc formation of Purisima Hills (less than 
1 percent). 

Genus Vallacerta Hanna 

Vallarcerta Hanna, 1928, p. 262. Type species (by original designation); Vallacerta hortoni 
Hanna, 1928. 

Range of genus in California to date: Upper Cretaceous. 

World-wide range of genus: Upper Cretaceous. 

Distribution of genus: California, U.S.A. 

Vallacerta hortoni Hanna. 

(Figures 11, 12, 19.) 

Vallacerta hortoni Hanna, 1928, p. 262, pi. 41, figs. 7-11. Deflandre, 1940, p. 446, figs. 1-5; 

p. 598, fig. 1, Deflandre, 1950, p. 57, figs. 144, 146, 147. 

Dictyocha sidera Schulz, 1928, p. 284, figs. 81a, 81b. 

Type locality. California Academy of Sciences locality 1144. Moreno for- 
mation (Upper Cretaceous), Panoche Hills, Fresno County, California, S\YVx 
NEVr Sec. 6, T. 15 S., R. 12 E., :\LD.B.M. 

Diagnostic features. Pentagonal disk with radiating spines of equal length 
at each corner. 

Dimensions. With spines: maximum, 70 /x; average, 65 fx. Spines, 8 18 /x. 
Stratigraphic record. Upper Cretaceous (Moreno formation in California, 
United States; ^^Spongiaires siliceux de la craie de Priisse,” Germany). 
Occurrences in samples studied. ^Marca shale (6 percent). 

GAZETTEER 

This section lists the geographic names used in the text and records for each 
a map on which the locality can be found. Some areas could not be located on 
maps. 

Quotation marks are used here to indicate that a locality has not been ac- 
curately described by prior workers. 

The entries record the town (or area), coiintr}^ latitude, longitude, the atlas 
in which the name was located, the number of the map, coordinates, and scale. 

A space saving procedure has been adopted for atlases which are cited fre- 
quently; the names are abridged in the following manner: (1) Atlante = Tour- 
ing Club italiano Atlante Internazionale, 1951, 231 p., 167 leaves of maps, Milan; 
(2) Goldmann == Goldmann’s Grosser Weltatlas, 1955, 323 p., illus., Munchen, 
Goldmann; (3) Goodens = Goode’s School Atlas, 1948, 286 p., 173 maps. New 
York, Rand McNally; (4) Stieler’s = Stieler’s Atlas of ^Modern Geography, 
1925, 316 p,, 254 maps, Gotha, Justus Perthes; (5) Times = The Times Atlas 
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of the World, v. 3, 1955, v, 4, 1956, v. 5, 1957, 49-120 maps, London, The 
Times Publishing Company; and (6) Club Italiano = Carta d’ltalia del Touring 
Club Italiano, 1920, 62 sheets and index, Milan, Published by Touring Club 
Italiano. 

Abashiri, Hokkaido, Japan; lat. 44°00' N., long. 144°15' E. 

Map: Atlanta, 97-98, D S3, scale 1:10,000,000. 

Aegina Island, Saronic Gulf of Aegean Sea; lat. 37°46' N., long. 23°26' E. 

Map: Atlante, 75-76, U 27, scale 1:3,000,000. 

Arkangelsk, Russia. Arkangelsk is not listed in any major atlas. There are, however, 17 
entries for Arkhangelsk in Atlante. It is not possible to determine which is the fossil 
locality of Zanon. 

Barbados Island, British West Indies; lat. 13°21' N., long. 59° 12' W. 

Map: Goldmann, 193, F 18, scale 1:5,000,000. 

Bergonzano, Italy. Not located. Near Reggio Emilia (lat. 44°42' N., long. 10°38' E.). 
Bojarkino, Russia. Not located. 

Bosporus (Strait), Turkey; lat. 41°10' N., long. 29° 10' E. 

Map: Times, v. 4, 83, K 3, scale 1:2,500,000. 

Bradley, California, United States; lat. 35°54' N., long. 120°48' W. 

Map: Times, v. 5, 111, D 6, scale 1:2,500,000. 

Bremia, Hungary. Not located. 

Caltanissetta, Sicily. There is a city and a province of the same name. The locality de- 
scription by Zanon is not definite. The data given are for the city; lat. 37°29' N., long. 
14°04' E. 

Map: Times, v. 4, 81, H 9, scale 1:1,000,000. 

Casatico, Italy. Not located. 

Castelterjviini, Agrigento Province, Sicily; lat. 37°33' N., long. 13°38' E. 

Map: Times, v. 4, 81, G 8, scale 1:1,000,000. 

Catanzaro, Italy. There is a city and a province of the same name. The locality description 
by Zanon is not definite. The data given are for the city; lat. 38°54' N., long. 16°36' E. 
Map: Times, v. 4, 81, N 6, scale 1:1,000,000. 

Clyde Sea, off Coast of Scotland; lat. 55°30' N., long. 5°00' W. 

Map: Goode’s, 116, scale 1:4,000,000. 

Coesfeld, Germany; lat. 5I°57' N., long. 7°20' E. 

Map: Times, v. 3, 63, F 9, scale 1:1,000,000. 

Condro, Italy. Not located. 

Corfu, city on Corfu Island (off coast of Greece). The locality description by Zanon 
is not definite. The data given are for the city; lat. 39°36' N., long. 19°55' E. 

Map: Times, v. 4, 83, D 5, scale 1:2,500,000. 

CoRMACKS, Oamaru, New ZEALAND ; lat. 45°07' S., long. 171°02' E. 

Map: Goode’s, 171, scale 1:4,000,000. 

Crotone, Catanzaro Province, Italy; lat. 39°05' N., long. 17°08' E. 

Map: Times, v. 4, 81, O 5, scale 1:1,000,000. 

CupRAMONTANA, Ancona PROVINCE, Italy ; lat. 43°27' N., long. 13°07' E. 

Map: Times, v. 4, 80, H 2, scale 1:1,000,000. 

Del Monte, California, United States; lat. 36°35' N., long. 121 °50' W. 

Map: Seaside, Monterey County, California; sheet 1657, 111 SE., A.M.S. series V895, Type 
C-AMS 1; Corps of Engineers, U. S. Army, 1948, scale 1:24,000. 

Dolje, Yugoslavia. Not located. 

Egina. (See Aegina.) 
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FoitMiGNANO, Italy; lat. 44°04' X., long. 12®05' E. 

Map: Club Italiano, Foglio 19 Ravenna, D 5, scale 1:250,000. 

Fuur, island in Llm Fjord, Denaiark; lat. 57°49' X., long. 9°0T E. 

Map: Times, v. 3, 53, C 3, scale 1:1,000,000. 

Gabbro, Italy; lat. 43°28' X., long. 10°28' E. 

Map: Club Italiano, Foglio 21 Livorno, B 6, scale 1:250,000. 

Girgenti, Sicily. There is a city and province of the same name. The locality description 
by Zanon is not definite. The data given are for the city; lat. 37° 18' X., long. 13°35' E. 
Map: Times, v. 4, 81, G 9, scale 1:1,000,000. 

Greifsvvalder Oie, Baltic islet, Geraiany; lat. 54 15' X., long. 13'55' E. 

Map: Times, v. 3, 63, T 4, scale 1:1,000,000. 

Grotte, Agrigento Province, Sicily; lat. 37°29' X., long. 14°04' E. 

Map: Times, v. 4, 81, G 9, scale 1:1,000,000. 

Jutland, peninsula, Denmark; lat. 56°00' X., long. 9°00' E. 

Map: Times, v. 3, 53, C 4, scale 1:1,000,000. 

Karand, Hungary. Xot located. 

Kiel Bay, Germany; lat. 54°30' X., long. 10°30' E. 

Map: Times, v. 3, 63, M 4, scale 1:1,000,000. 

Kn Straits, Japan; lat. 34°00' X., long. 134°48' E. 

Map: Goode’s, 159, scale 1:4,000,000. 

Kittanai, Japan. Xot located. 

Koesfeld. (See Coesfeld.) 

Kuznetsk, Russia; lat. 53°06' X., long. 46°35' E. 

Map: Atlante, 69-70, Q 44, scale 1:3,000,000. 

Licata, Agrigento Province, Sicily; lat. 44° 15' X., long. 10°02' E. 

Map: Times, v. 4, 81, G 9, scale 1:1,000,000. 

Loaipoc, California, United States; lat. v54°38' X"., long. 120°30' \V. 

Map: Goode’s 74, scale 1:4,000,000. 

Maraiorito, Italy; lat. 45°05' X., long. 8°0l' E. 

Map: Club Italiano, Foglio 9 Torino, D 4, scale 1:250,000. 

“Maryland,” United States. The literature does not specify a locality. [It is probable that 
the Calvert formation, Calvert County, Maryland is the locality of Zanon.] 

Marzullo Sorting, Sicily. Xot located. The following data refer to Sortino near Siracusa, 
Sicily; lat. 37°10' X., long. 15°02' E. 

Map: Times, v. 4, 81 K 9, scale 1:1,000,000. 

Mejillones or Mejillones del Sur, Antofagasta Province, Chile; lat. 23°01' S., long. 
70°30' W. 

Map: Goode’s, 104, scale 1:16,000,000. 

Messina, Sicily. There is a city and province of the same name. The locality description 
by Zanon is not definite. The data given are for the city; lat. 38°11' X., long. 15°33' E. 
Map: Times, v. 4, 81, L 7, scale 1:1,000,000. 

Monaco, principality; lat. 43°45' X., long. 7°20' E. 

Map: Times, v. 4, 67, K 9, scale 1:2,500,000. 

Mondaino, Italy; lat. 43° 53' X., long. 13° 15' E. 

Map: Club Italiano, Foglio 20 Pesaro, E 2, scale 1:250,000. 

Montaiate, Italy. Xot located. Since Zanon reports that Montaiate is near Pergola, the 
following data refer to Pergola; lat. 43°36' X., long. 12°50' E. 

Map: Club Italiano, Foglio 24 Macerata, A 3, scale 1:250,000. 

Monte Bussetto, Italy; lat. 43°08' X., long. 13°20' E. 

Map: Club Italiano, Foglio 24 Marcerato, D 2-3, scale 1:250,000. 
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Monte Gemmano, Forli, Italy. Xot located. 

Monte Gibbio, Italy; lat. 43°31' N., long. 10°46' E. 

Map: Club Italiano, Foglio 18, A 2, scale 1:250,000. 

Montedissito, Forli, Italy. Not located. 

Montefabbri, Italy; lat. 43°48' X., long. 13° 16' E. 

Map: Club Italiano, Foglio 19 Ravenna, D S, scale 1:250,000. 

Montefiore, Italy. There are 3 entries for Montefiore in Club Italiano. It is not possible 
to determine which is the fossil locality of Zanon. 

Monterey, California, United States; lat. 36°35' X., long. 121°55' \V. 

Map: Times, v. 5, 111, C 5, scale 1:2,500,000. 

Monte\tcchio, Italy; lat, 44°03' X., long. 12°30' E. 

Map: Club Italiano, Foglio 19 Ravenna, D 5, scale 1:250,000. 

Moors. (See Mors.) 

Moron, Spain; lat. 37°07' X., long. 5°26' \V. 

Map: Atlante, 41-42, J 4, scale 1:1,500,000. 

Mors, island in Lim Fjord, Denmark; lat. 57°4S' X., long. 8°40' E. 

Map: Times, v. 3, 53, B 3, scale 1:1,000,000. 

Mount Diablo, Californlx, United States; lat. 37°45' X., long. 122°50' \V. 

Map: Times, v. 5, 111, C 4, scale 1:2,500,000. 

Xagy Kurtos (sometimes spelled Xagy Curtos), Hungary; lat. 46°02' X., long. 19°47' E. 
Map: Stieler, 47, G 5, scale 1:925,000. 

Xankoori, one of the Nicobar Islands in Indian Ocean; lat. 7°45' X., long. 93°30' E. 

Map: Stieler, 71, B 6, scale 1:7,500,000. 

Xemuro Straits, Japan; lat. 44° 15' X., long. 145°30' X. 

Map: Goode’s, 158, scale 1:4,000,000. 

Xyeryiegy, Hungary. Xot located. 

Oamaru, New Zealand; lat. 45°07' S., long. I7l°02' E. 

Map: Goode’s, l7l, scale 1:4,000,000. 

Osaka Bay, Japan; lat. 34°30' X^., long. 135° 15' E. 

Map: Goode’s, 159, scale 1:4,000,000. 

Oran, Algeria. There are two Orans in Algeria. It is not possible to determine which is the 
fossil locality of Zanon. 

Panociie Hills (Hanna’s Moreno shale locality), Fresno County, California, United 
States. California Acad. Sci. Loc. 1144, SW^AXEVi, sec. 6, T, 15 S., R. 12 E., M.D.B.M.; 
lat. 36°40' X., long. 120°45' \V. 

Map: Atlante, 140-141, K 13, scale 1:3,000,000. 

Passaaiaquoddy Bay, Maine-Canada ; lat. 45°05' X., long. 66°58' W. 

Map: Goode’s, 86, scale 1:4,000,000. 

Plyaiouth Sound, Great Britain; lat. 50°25' X., long. 4°05' W. 

Map: Goode’s, 116, scale 1:4,000,000. 

“Popleia, North Aaierica.” Not located. 

PuRisiAiA Hills, California, United States; lat. 34°38' X., long. 120°30' \V. 

Map: California Div. Mines Bull. 150, Plates 1, 3. 

“Redondo, North Aaierica.” Redondo, [California!; lat. 33°48' X”., long. 118°25' \V. 
Map: Goode’s, 74, scale 1:4,000,000. 

“Richaiond, North Aaierica.” It is not possible to determine which “Richmond” is the 
fossil locality of Zanon. 

San Catalog, Sicily; lat. 37°29' X., long. 14°00' E. 

Map: Times, v. 4, 81, G 9, scale 1:1,000,000. 
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S. Angelo de Senigallla, Ancona Province, Italy; lat. 43°43' N., long. 13°13' E. 

Map: Times, v. 4, 79, 0-7, scale 1:1,000,000. 

San Joaquin Valley, California, United States; lat. 37°30' X., long. 121°10' W. 

Map: Goode’s, 74, scale 1:4,000,000. 

“San Pedro, X'orth America.” It is not possible to determine which “San Pedro” is the 
fossil locality of Zanon. [The literature on diatoms indicates that it may be San 
Pedro, California.] 

San Ruffillo, Italy; lat. 46°30' X., long. lUlS' E. 

Map: Atlante, 24, 25-26, T. 65, scale 1:1,250,000. 

“Santa Barbara, X^orth America,” Santa Barbara, [California]; lat. 34°25' X^., long. 
119°41' \V. 

Map: Goode’s, 74, scale 1:4,000,000. 

“Santa Maria, Xorth America.” Santa Maria, [California] ; lat. 34°58' X^., long. 120°29' W. 
Map: Goode’s, 74, scale 1:4,000,000. 

“Santa Monica, Xorth America.” Santa Monica, [California]; lat. 34°0T X., long. 
118^28' \V. 

Map: Goode’s, 74, scale 1:4,000,000. 

Sendai, Honshu, Japan; lat. 38° 17’ X., long. 140°55' E. 

Map: Goode’s, 158, scale 1:10,000,000. 

Serr^vlunga di Crea, Italy; lat. 45° 10’ X., long. 8° 18' E. 

Map: Goldmann, 84, 15, scale 1:1,000,000. 

Simbirsk, Russia; lat. 54°19’ X^., long. 48°23' E. 

Map: Atlante, 69-70, O 47, scale 1:3,000,000. 

Solfatara, Italy; lat. 43°48' X., long. 13°08’ E. 

Map: Club Italiano, Foglio 20 Pesaro, F 1, scale 1:250,000. 

Spadafora, Messina Province, Sicily; lat. 38° 13’ X^., long. 15 °23' E. 

Map: Times, v. 4, 81, K 7, scale 1:1,000,000. 

SZAKAL, XeOGR.^D PROVINCE, HUNGARY. Xot located. 

SzT. Peter, X^eograd Province, Hungary. X"ot located. 

Zante, CITY ON Zante ISLAND (oFF COAST OF GREECE ) . The locality description by Zanon 
is not definite. The following data are for the city; lat. 37°47' X., long. 20°53' E. 

Map: Stieler, 53, B 5, scale 1:1,500,000. 

ZiLLY, Geraiany; lat. 51°56’ X., long. 10°49’ E. 

Map: Goldmann, 61, C-11, scale 1:1,000,000. 

REGISTER OF LOCALITIES 

AIoreno Formation (Maastrichtian, Upper Cretaceous) 

L.S.J.U. Loc. M-619* 

Canyon name. Escarpado Canyon. 

Name of unit sampled. Diatomite at top 20 feet of 300-foot thick XIarca 
shale member. 

Collectors. Max B. Payne and Y. T. Alandra, 1957. 

Location. On ridge immediately north of Escarpado Canyon, 250 feet south 
and 1700 feet west of XE corner of Sec. 7, T. 15 S., R. 12 E., M.D.B.AL, Fresno 
County, California (120^42' W. and 36°38' X.). 
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Map used. Aerial photograph by Continental Air Map Company, Job #82, 
Print 12-4, scale 1:18000 (no date). 

Stratigraphic position. The one sample used came from a horizon 20 feet 
below the lower Dos Palos shale (of Danian Age). 

Kellogg Shale (late Eocene) 

L.S.J.U. Loc. M-611 

Area name. Kellogg Creek at Byron Hot Springs Road. 

Name of unit sampled. ^^Mudstone” from 90-foot exposed section of 
Kellogg shale at type locality. 

Collector. Y. T. Mandra, 1948. 

Location. Road cut 2000 feet N. 80° E. of bench mark 165 in NWH Sec. 8, 
T. 1 S., R. 3 E., M.D.B.M., 2.8 miles west of Byron, Contra Costa County, Cali- 
fornia (12r40'10" \V. and 37°51'45" N.). 

Map used. Byron Quadrangle, California; 15 Minute Series (topographic), 
Corps of Engineers, U. S. Army, 1937; scale 1:62500. 

Stratigraphic position. The lowest of the 10 samples came from a horizon 
approximately 33 feet above a cartographic unit containing a “Domengine Stage” 
fauna, and 2000 feet below the “Sidney Flat” shale (Laiming’s A-1 “Zone” of 
late Eocene age). 

“Sidney Flat” Shale (late Eocene) 

L.S.J.U. Loc. M-610 

Area name. “Quarry” locality of “Sidney Flat” shale. 

Name of unit sampled. Diatomaceous “mudstone” from 88-foot exposed 
section of middle (unnamed) 150- foot thick lithologic unit of “Sidney Flat” 
shale (Markley formation). 

Collector. Y. T. Mandra, 1948. 

Location. “Quarry” in the NEVt Sec. 2, T. 1 N., R. 1 E., M.D.B.^L, Contra 
Costa County, California (121°49'49" \V. and 37°57'48" N.). 

Map used. iMount Diablo Quadrangle, California; 15 Minute Series (topo- 
graphic), Corps of Engineers, U. S. Army, rev., 1937; scale 1:62500. 

Stratigraphic position. The lowest of the 12 samples is from a horizon ap- 
proximately 500 feet below the Kirker sandstone (Refugian Stage), and 2000 
feet above the Kellogg shale (Laiming’s A-2 “Zone” of late Eocene age). 

Diatomite at Sharktooth Hill (Upper Relizian, Mioeene) 

L.S.J.U. Loc. :M-620 

Area name. Sharktooth Hill. 

Name of unit sampled. The diatomite at Sharktooth Hill is a 20-foot thick 
cartographic unit of the Round ^Mountain silt (Temblor). 

Collector. Y. T. Mandra, 1950; recollected in 1957 by J. Zimmerman, C. C. 
Church, P. Patterson, and Y. T. Mandra. 
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Location. On west side of north-south stream cut, at elevation of 650 feet; 
3870 feet south and 3930 feet west of the NE corner of Sec. 25, T. 28 S., R. 28 
E., INI.D.B.M., Kern County, California (118‘^55'00" \V. and 35°27'36" N.). 

Map used. Oil center Quadrangle, California: 15 ]\Iinute Series (topographic), 
U. S. Geological Survey, 1954; scale 1:24000. 

Stratigraphic position. Horizon A is the lowest exposure of the diatomite. 
Horizon B, the highest exposure, is 100 feet below the Luisian “Bone Beds.” 

Valmonte Diatomite (Upper Mohnian, Miocene) 

L.S.J.U. Loc. :M-621 

Area name. Peck Park (Palos Verdes). 

Name of unit sampled. Valmonte diatomite (750 feet thick). 

Collector. Y. T. Mandra, 1950. 

Location. In ravine near cliff at north edge of Peck Park: 400 feet east and 
3350 feet south of the intersection of 11 8° 18' W. and 33°46' X.; 4 miles north 
of Point Fermin, in city of San Pedro, Los Angeles County, California. 

Map used. Plate 1, U. S. Geol. Survey Prof. Paper 207, 1946: scale 1:24000. 

Stratigraphic position. Horizon A is 200 feet below the top of \"almonte 
diatomite. Horizon B is 50 feet above A. 

SiSQUOc Formation (Delmontian, Mio-Pliocene) 

L.S.J.U. Loc. M-622 

Area name. Lompoc. 

Name of unit sampled. Diatomite of lower Sisquoc formation. The Sisquoc 
formation at this locality is 3000 feet thick. 

Collector. Y. T. ]\Iandra, 1957. 

Location. On San Pasqual Road VA miles south of Route 150 (120°30' W. 
and 34°38'3"N.). 

Map used. Plates 1, 3, California Div. Clines, Bull. 150, 1950: scale 1:62500. 

Stratigraphic position. Horizon A is 350 feet above ^Monterey-Sisquoc con- 
tact. Horizon B is 50 feet above A. 

Sisquoc Formation (Delmontian, Mio-Pliocene) 

L.S.J.U. Loc. M-623 

Area name. Western Purisima Hills along Harris-Lompoc Road. 

Name of unit sampled. Diatomaceous “mudstone” in lower part of Sisquoc 
formation. The Sisquoc formation at this locality is 3000 feet thick. 

Collector. Y. T. Mandra, 1957. 

Location. On road cuts of Harris-Lompoc Road. Horizon A is 7260 feet 
west and 22,770 feet north of the intersection of 120°30' W. and 34°40' N. Hori- 
zon B is 7260 feet west and 23,760 feet north of the same intersection. 

Map used. Plates 1, 3, California Div. Mines, Bull. 150, 1950; scale 1 :62500. 
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Stratigraphic position. Horizon A is 300 feet above Monterey-Sisquoc con- 
tact. Horizon B is 300 feet above A. 

Buttle Diatomite (Delmontian, Mio-PUocene) 

L.S.J.U. Loc. :M-624 

Canyon name. Buttle Canyon. 

Name of unit sampled. Buttle diatomite member of Monterey formation. 
The diatomite is 500 feet thick at this locality. 

Collector. Y. T. ]\landra, 1950 and 1957. 

Location. Buttle Canyon in NEV4 Sec. 15, T. 24 S., R. 10 E., M.D.B.M., 
Monterey County, California (120°52'10" W. and 35°5E52" X.). 

Map used. Bradley Quadrangle, California; 7.5 Minute Series (topographic). 
Corps of Engineers, U. S. Army, 1949; scale 1:24000. 

Stratigraphic position. Horizon A is 300 feet below the top of Buttle diato- 
mite. Horizon B is 250 feet above A. 

^Monterey Formation (Delmontian, Mio-Pliocene) 

L.S.J.U. Loc. M-335 

Area name. Quarry locality of Galliher (1930, p. 22). 

Name of unit. Upper Nonion fauna locality of type Monterey. The Monte- 
rey formation is 3000 feet thick at this locality. 

Collector. Y. T. IMandra, 1950 and 1957. 

Locatio7i. Quarry located on ESE side of 420 foot hill, 2000 feet west and 
4000 feet south of the intersection of 121°50'00" \V. and 36°35'00" N. 

Map used. Seaside, Monterey County, California; Sheet 1657, 111 SE; 
A.]\LS. Series V895, Type C^ — AMS 1; Corps of Engineers, U. S. Army, 1948, 
scale 1:24000. 

Stratigraphic position. Horizon A is 600 feet below the top of Monterey for- 
mation. Horizon B is 55 feet higher than A. 
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